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DETERMINATION OF UNKNOWN GROWTH FACTORS 
IN FISH MEALS BY CHICK-GROWTH TESTS 


By H. R. Bird* and N. L. Karrick** 


ABSTRACT 


OMMERCIAL AND EXPERIMENTAL MEALS FROM FISHERY BYPRODUCTS WERE AS - 
AYE BY CH!CK-FEEDING TESTS FOR UNKNOWN GROWTH FACTORS, IN THESE AS- 
AYS, THE SAMPLES WERE COMPARED WITH THE UNKNOWN GROWTH FACTORS IN A 
REFERENCE SAMPLE FOR FISH SOLUBLES THAT HAD BEEN ASSIGNED A VALUE OF 10 
NITS. THE RESULTING DATA INDICATED THAT THE COMMERCIAL AND EXPERIMEN - 
TA MEALS HAD POTENCIES THAT RANGED FROM 2.5 TO 13.8 UNITS, 





INTRODUCTION 
Fish meals are believed to contain factors other than the known nutrients that 
re important inthe diets of poultry. The present project was started (1) to deter- 


ine the amounts of these factors in different fish meals and (2) to investigate what 
riables might affect the amounts of these factors. 


ASSAY PROCEDURE 


The assay procedure and some of the difficulties encountered in the assays were 
jiscussed in a report by Barnett and Bird (1956). The purified basal diet used inthe 
present work is given in 
heir article. Inthe present 
experiments, soybean pro- 
tein was used as the source 
ff protein, and sucrose was 
ised as the source of carbo- 
hydrate. Supplements were 
added at the expense of the 
sucrose, Chicks were fed 
the diet with or without 
supplement from the time 
that they were 1-day old 

) the time that they were 
4-weeks old. The chicks 
used were obtained from 
hens that were kept in wire 
cages and artificially insem- 
inated. The diet of the hens Fig, 1 - Battery room in the Poultry Husbandry Department of the University 
was a good complete breed- of Wisconsin where fish meal assays are conducted, 





er mash. In these assays, 

the growth effect of fish meals was compared to that of a standard sample of fish 
ROEPARTMENT OF POULTRY HUSBANDRY, UNIVERSITY OF WISCONSIN, MADISON, WISC. 

** CHEMIST, FISHERY TECHNOLOGICAL LABORATORY, BRANCH OF COMMERCIAL FISHERIES, U. S. FISH AND WILD- 


LIFE SERVICE, SEATTLE, WASH. 
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solubles. The standard solubles was included in each series of assays and was as- 
signed a potency of 10 units per gram. 


SAMPLES 


Both commercial fish meals and experimental fish meals were tested. Thecom- 
mercial meals were processed from menhaden, tuna, andsalmonwaste. The experi- 














xs 


Fig, 2 - Chicks being used to as 


Si) Ean Re 3 
say unknown growth factors in fish meal, 





RESULTS 


mental meals were prepared 
either in the Fishery Products 
Laboratory at Ketchikan, Alas- 
ka, or in the Service's Fishery 
Technological Laboratory at 
Seattle. The raw materials 
used in the preparation of the 
experimental meals were pink 
salmon eggs, whole herring, 
pink shrimp waste, Dungeness 
crab waste, tuna waste, both 
with and without red meat, and 
sea-lion liver and viscera. 
These materials were process- 
ed by mild methods, such as 
freeze-drying, enzyme diges- 
tion, or minimum cooking fol- 
lowed by air-drying. The ex- 
perimental meals were inclu- 
ded in the study in an attempt 
to find a product that might be 
exceptionally high inthe un- 
known growth factors. 


The samples analyzed to date have had potencies from 2.5 to 13.8 units. Eight 
commercial menhaden meals gave results that fell within this entire range. The 


values in descending order were 


13.8. 11.6. 9.5,.5.4,5.3..3.0. 2.7, 
and 2.7 units. Two commer- 
cial tuna meals had 6.7 and 5.6 
units,and a commercial salm- 
on meal had 2.5 units. 


The experimental samples 
gave results that varied from 
2.9 to 8.7 units. 


DISCUSSION 


The unknown growth fac- 
tors in the commercial fish 
meals varied from sample 
to sample. The meal con- 
taining the highest concen- 
tration of growth factors 
had more than 5 times the 
amount found in the one 
containing the least. The 








Fig, 3 = The chicken on the right had been fed an unsupplemented basal diet, 
It weighed 200 grams, The chicken on the left had been fed the same diet 
plus 2 percent menhaden meal. It weighed 260 grams, 


differences that occurred among the meals could not be traced to any information 


known about the meals. 





liet 
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None of the experimental samples proved to be equal in unknown growth factors 


to the solubles being used as a standard. Since the experimental samples were pre- 


cared under mild conditions, the variations found probably were due to differences 





n the raw materials. 


No studies were made on the effect of storage on the unknown factors in fish 
meals, although the age of the commercial meals varied considerably. Systematic 


studies now are being made, however, on the effects of storage and of storage con- 


ditions. 
LITERATURE CITED 


D AND BIRD, H. R. 
STAND ARDI ZATION OF ASSAY FOR UNKNOWN GROWTH FACTORS, POULTRY SCIENCE, VOL. 35, NO, 


’ 
(may), PP. 705- 
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STUDY OF THE SPAWNING HABITS OF 
FISHES NECESSARY TO DETERMINE ABUNDANCE 


In most species a successful spawning occurring almostevery year is nec- 
essary in order that the number of fishes be maintained at a high level. If for 
1y reason the spawning is restricted, numbers in future years may be reduced. 
The success of spawning and the subsequent survival of the eggs and larvae 
vhhanges markedly from year to year and these changes are normally the main 


causes of changes in the abundance of adult fish. 


Under natural conditions, when subjected to little or no fishing, fish fluctu- 
ate inabundance about an average level. When the number reaches alowlevel. 
jue to natural fluctuations, conservation restrictions may not increase the a- 
bundance and mayeven beharmful. Fishingand other activities, suchas dredg- 
ing, filling, pollution, etc., also cause fish stocks to be reduced or dispersed. 


When a decline in the abundance ofany species offish is noticed, it is nec- 
essary to determine whether natural fluctuations or man's activities are the main 
nause. A detailed knowledge of spawning habits and the factors which affect 
spawning is important in this connection. 


While it is known that man's activities usually affect the spawning and egg 
survival of offshore fishes only to alimited extent, little is known about the ef- 
fectof such activities onthe spawning habits of coastalfishes. Studies made so 
far show that many such species spawn and spend their larvallifein waters ad- 
jacent toshorelines which areincreasingly being subjected to land development 
schemes. Before the effectonthe spawning habits of fishes canbe ascertained, 
|it is necessary to determine the "optimum" conditions (most desirable from the 
point of view of the fishes) of, for example, water temperature, salinity, etc. 
for spawning and the range of tolerance ofthe fish. If land development causes 
)changes beyond the limits of tolerance, the spawning activity may be adversely 
affected. 


-"'Sea Secrets,'' December 4, 1956, 
The Marine Laboratory, 
University of Miami, Coral Gables, Fla 
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DEVELOPMENT OF METHODS FOR BIOASSAY 
OF GROWTH FACTORS PRESENT IN FISHERY 
INDUSTRIAL PRODUCTS--PRELIMINARY INVESTIGATION OF 
PRESENCE OF UNIDENTIFIED NUTRITIONAL FACTORS ~ 


By B. H. Ershoff* and E. Geiger** 


ABSTRACT 


PRELIMINARY STUDIES OF PHYSIOLOGICAL STRESS-FACTORS IN TEST ANIMALS 
AS POSSIBLE METHODS OF MEASURING UNIDENTIFIED GROWTH-FACTORS PRESENT IN 
FISH MEALS WERE MADE, STUDIES WERE DESIGNED TO ELIMINATE GROWTH-MEASURE - 
MENT AND THE MANY VARIABLES AFFECTING SUCH GROWTH, AS A METHOD OF MEASURE- 
ING THE PRESENCE OF GROWTH FACTORS, ALPHA ESTRADIOL AND THYROACTIVE SUB- 


STANCES IN EXCESS WERE TESTED. A STUDY OF THE RESULTS SHOWED THIS BIOAS- 
A METHOD TO BE RELATIVELY EXPENSIVE AND TIME-CONSUMING, NO FURTHER 
STUDIES ARE NOW PLANNED. 





Available data indicate that fish meal and condensed fish solubles contain, in 
addition to the known nutrients, factors essential for optimal growth and develop- 
ment of poultry and other animals. The data published in the literature, however, 
are equivocal because the effect of these ‘unidentified factors'' could not be demon- 
strated in all cases under laboratory conditions. These diverse findings may bedue 
to a number of reasons: (1) different batches of fish meal or fish solubles may con- 
tain different amounts of the active factor (or factors); (2) noxious or deleterious sub- 
stances may have been produced in the preparation or processing of some of these 
supplements which masked the effect ofthe "unidentified growth factor;" (3) strain 
and species differences may exist in the animals' requirements for this factor(s); 
or (4) the growth-promoting effect of the unidentified factor in fish meal or conden- 
sed fish solubles may only be demonstrable in animals with certain kinds of intes- 
tinal flora. These complications not only retard work leading toward the isolation 
of the above unidentified factor(s) but make it difficult to determine the growth-pro- 
moting value of commercial fishery products. 


The experiments undertaken in the present project had the objective of develop- 
ing a practical and reliable method for bioassay of 'unidentified nutritional factors’ 
in fishery industrial products. It was recognized from the start that factors which 
might be shown to exist by such procedures may or may not be identical to the fac- 
tor(s) in fishery industrial products which promotes growth. It was felt by the pres- 
ent investigators, however, that assay procedures might be developed which are a 
more sensitive index for the quantitative measurement of such factors than incre- 
ment in body weight. Subsequent tests would have to establish the degree of corre- 
lation between the chick-growth effect and the results of the new assay procedures. 


For a number of reasons it was felt that some index other than increment in 
body weight of the chick would be desirable as a bioassay procedure. Increment in 
body weight in the final analysis is the resultant of an almost endless number of fac- 
tors. Genetic background, pretest diet, environmental temperature, nature and type 
of bacterial flora, degree of crowding, degree and type of infestation, physical state 
of the diet, particle size, moisture content of diet, taste of the ration, possible pres- 
ence of noxious materials in the diet which might inhibit food intake--any one or 
more of the above as well as countless other factors might all serve to decrease 
food consumption and weight increment in the chick. Although it is recognized that 
whereas, from a practical point of view, a more rapid growth increment or a more 
efficient degree of food utilization is the objective of the poultryman, from the stand- 
®DEPARTMENT OF BIOCHEMISTRY } UNIVERSITY OF SOUTHERN CALIFORNIA, 

*** DEPARTMENT OF PHARMACOLOGY AND TOXICOLOGY LOS ANGELES, CALIF. 
1/THIS WORK WAS CARRIED OUT ON CONTRACT WITH THE U. S. FISH AND WILDLIFE SERVICE, THIS ARTICLE 


1S A PROGRESS REPORT SUBMITTED BY THE AUTHORS. NO ADDITIONAL WORK 1S PLANNED BECAUSE THIS 
PARTICULAR PHASE OF THE FISH MEAL RESEARCH PROGRAM |S NOT BEING CONTINUED AT THIS TIME. 
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point of a bioassay procedure, methods which are not so sensitive to the effects of 
slight alterations in food intake or some of the other factors indicated before might 
be more desirable. 


From a historical point of view, virtually all essential nutrients were at one 
time or other "unidentified growth factors." In fact the existence ofa new nutrient 
in many cases first became evident by feeding animals diets containing all nutrients 
known as of that time and then showing that the growth increment obtained onthese 
jiets could be increased by feeding a particular food or fraction thereof. Iftheac- 
tive factor could subsequently be shown to be distinct from any of the known identi- 
fied nutrients, the data might be interpreted as evidencefor the existence of a new 
nutrient. In the early work on the concentration and isolation of such factors, these 
nutrients were assayed by their capacity to promote growth on rations deficient in 
these factors. It was only when further data became available as to the physiologic 
role of the various nutrients that other bioassay procedures could be devised that 
more specifically measured the particular nutrient in question (for example, odonto- 


blast assay for vitamin C; blood levels of pyruvic acid in a thiamine assay; xanthu- 
ronic acid excretion as an assay procedure for vitamin Bg, etc.) than the increased 
growth. It is possible that a similar situation prevails in respect to an unidentified 


factor(s) in fishery industrial products. If an essential nutrient distinct from any of 
m nutritional factors does exist in such material, it is possible that such a 

1y exert demonstrable physiologic effects other than the indirect manifes- 
ons of increased growth. Experiments were accordingly undertaken in an effort 
find such effects. 






A 


Available data indicate that in addition to the known nutrients substances are 
present in natural foodstuffs which are requiredinincreased amounts under various 
onditions of stress. Such factors are apparently dispensable under normal conditions, 
yr their requirements are so small they may readily be met by amounts present in 
the diet or through the synthetic activity of the intestinal flora or the animals' own 
tissues. Certain stressor agents or drugs, however, may increase requirements for 
these substances to such an extent that deficiencies occur, manifested by retarded 
growth or tissue pathology and preventable by the administration in appropriate amounts 
f the missing nutrient. 


The induction of nutritional deficiencies by exposing animals to various stressor 
gents and the correction of these deficiencies by the administration of graded levels of 
the missing nutrient have been employed by anumber of investigators as a bioassay pro- 

edure. This technique has proved of particular value in the bioassay of vitamin 

Bi2. Experiments undertaken in the present project have attempted to apply this 
technique to the development of a bioassay for unidentified physiologically active 
factors in fish meal and fish solubles. Evidence for the existence of such a factor(s) 
was obtained 


Available data indicate that the ovaries of immature rats fed a purified ration 

ontaining 10 milligrams of alpha-estradiol per kilogram of diet remain immature 

th in weight and microscopic appearance. This effect can be largely counteracted 
by the concurrent feeding of desiccated whole liver (Ershoff and McWilliams (1948) 
r dried alfalfa (Ershoff, Hernandez, and Mathews 1956). Experiments were under- 
taken to determine the effects of fish meal and fish solubles under comparable ex- 
perimental conditions. Findings indicate that the deleterious effects of alpha-estra- 
diol feeding on ovarian development in the immature rat could be largely counterac- 
ted by the concurrent feeding of sardine solbules or tuna solubles at a5-percent lev- 
el in the ration. Blended tuna meal when added at a 5-percent level in the diet was 
similarly active; sardine meal at a 5-percent level, however, was without activity. 
Samples of menhaden meal and menhaden solubles when fed at a 5-percent levelin 
the diet were both inactive. The protective factor(s) was apparently distinct from any 
of the known nutrients. Supplements of all the known vitamins (both fat-soluble and 
water-soluble), salt mixture, corn oil, casein or cellulose, either alone or incombi- 
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nation, were without protective effect. Present findings suggest the possibility of em- 
ploying reversal of alpha-estradiol toxicity as abioassay procedure for an unidenti- 
fied factor(s) in fishery industrial products. The method, however, has the disadvan- 
tage of being time-consuming and relatively expensive. 


Available data indicate that rats fail to survive when fed purified diets contain- 
ing massive doses of desiccated thyroid or thyroactive substances. Experiments 
were conducted which indicate that fish meal contains a factor(s) apparently distinct 
from any of the known nutrients which significantly prolonged the average survival 
time of hyperthyroid rats. 


Findings indicate that both tuna meal and sardine meal when fed ata 5-percent 
level in the diet resulted in a significant increase in the average survival time of 
hyperthyroid rats fed a purified ration under conditions of the present experiment 
Tuna solubles or sardine solubles had little if any protective effect. Supplementing 
the basal ration with protamone diet with additional amounts of the known vitamins, 
salt mixture roughage, 5-percent casein or corn oil at levels of 2-percent,5- percent, 
or 10-percent of the diet was without beneficial effect. It would appear from these 
findings that tuna meal and sardine meal contain a factor or factors apparently dis- 
tinct from any of the known nutrients which significantly prolonged the survival time 
of hyperthyroid rats fed a purified ration containing sucrose as the source of dietary 
carbohydrate and methionine-supplemented soy protein as the source of dietary pro- 
tein. Findings suggest the possibility of employing increase in the average survival 
time of thyrotoxic rate as a bioassay procedure for an unidentified factor(s) infish 
meal. The method, however, has the disadvantage of being time-consuming and rel- 
atively expensive. 


Additional studies were undertaken with rats fed diets similar to the above but 
with casein replacing the methionine-supplemented soy protein as the source ofdie- 
tary protein and with desiccated thyroid fed at a 0.5-percent level in place of thei- 
odinate casein. On the latter diet, in contrast to the soy protein-containing ration, 
supplements of tuna meal or sardine meal had little if any beneficial effect as judged 
by increased length of survival. These findings suggest that the source of dietary 
protein may significantly affect requirements for the unidentified factor(s) present 
in fish meal. 

LITERATURE CITEL 
ERSHOFF, B. He; HERNANDEZ, Hs Je; AND MATHEWS, J. H. 
1956, BENEFICIAL EFFECTS OF ALFALFA ON THE OVARIAN DEVELOPMENT OF IMMATURE RATS FED MASSIVE 
OSES OF ALPHA-ESTRADIOL, JOURNAL OF NUTRITION, VOL, 59, NO, 1, MAY, PP. 147-154, 
er AND MCWILLIAMS, H. B. 
1948, EFFECTS OF B VITAMINS, YEAST AND LIVER ON OVARIES OF IMMATURE RATS FED MASSIVE DOSES 
OF ALPHA-ESTRADIOL, PROCEEDINGS OF THE SOCIETY OF EXPERIMENTAL BIOLOGY AND MEDICINE, 


67, NO. 3, MARCH, PP. 323-325. 
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EAR BONES (OTOLITHS) USED TO DETERMINE AGE OF OCEAN PERCH 


The age of ocean perch (Sebastes marinus) has been determined accurately | 
from the ear bones, according to the Fish and Wildlife Service's Fishery Biol- 
ogists at Woods Hole (Mass.)Laboratory. By making collections of ear bones 
from the same stock every three or four months it was established thata single 
ring was formed each year and that older specimens grew about 1 centimeter 
(0.39 inch) per year. 
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DYE-BINDING CHARACTERISTICS OF FISH-MEAL PROTEIN 
Part 1 - Some Preliminary Findings as to Suitable Dyes 
By Claude Thurston* 


ABSTRACT 


THERE ARE REPORTS IN THE SCIENTIFIC LITERATURE THAT THE QUALITY OF 
A VEGETABLE PROTEIN CAN BE DETERMINED BY ITS DYE-BINDING CHARACTERIS- 


TICS, IN AN INVESTIGATION TO FIND IF A SIMILAR RELATIONSHIP EXISTS BE- 
TWEEN DYES AND THE PROTEIN IN FISH MEAL, MORE THAN 100 DYES WERE 
SCREENED AS TO THEIR SUITABILITY. EIGHT DYES WERE FOUND TO HAVE GOOD 
3INDING PROPERTIES, SIX OF THEM--ACID FUCHSIN, ANILINE BLUE, BROMO- 
RESOL GREEN, ALIZARIN RED S, ORANGE 11, AND ORANGE G--WERE ACID DYES; 


TWO OF THEM--CONGO RED AND TETRABROMOPHENOLBLUE--WERE BASIC DYES, 
HE USE OF THESE, FISH MEALS EXHIBITED A WIDE VARIATION IN THE EX- 





TENT OF DYE BINDING, SUFFICIENT DATA, HOWEVER, ARE NOT AVAILABLE AS 

ET TO DETERMINE THE RELATIONSHIP OF THE DYE-BINDING CHARACTERISTICS 
THE NUTRITIVE VALUE OF FISH-MEAL PROTEIN, 
INTRODUCTION 


Several of the investigations reported in the scientific literature indicate that 
the quality of a vegetable protein can be determined by its dye-binding characteris- 
tic. Loeb (1922), studying the process of 
digestion, stated that pepsin is an anion 
and that it combines with cations. Chap- 
man, Greenberg, and Schmidt (1927) show- 
ed, by reactions of several acid dyes with 
various protein solutions, that the amount 
of dye that was bound was proportional to 
the number of basic groups inthe protein. 
Rawlins and Schmidt (1929) extended the 
investigation to include basic dyes and 
obtained similar results; they later (1930) 
used acid dyes with gelatin granules and 
gelatin solutions and verified their pre- 
vious conclusions. Fraenkel-Conrat and 
Cooper (1944) found that dyes could be used 
to determine the number of acidic and ba- 
sic groupsinaprotein. Udy (1954)--work- 
ing with vegetable proteins, chiefly wheat-- 
found that the quality of the protein could 
be determined from its dye-binding char- 
G, 1 - DETERMINING LIGHT TRANSMISSION OF. DYE acteristics. 

LUTIONS WITH A RECORDING SPECTROPHOTOMETER. 








If a similar relationship exists between dyes and the proteins in fish meal, the 
itritive value of the proteins might be determined by a chemical index, in hours, 
rather than in 1 to 3 weeks as is now required when a feeding test is used. An in- 
vestigation of the dye-binding characteristics of the protein in fish meal therefore 
has been undertaken at the Seattle Technological Laboratory in order to determine 
whether there is any correlation between the nutritive value of the meal, as deter- 
mined by chick-feeding tests, and the extent of binding of the dye. The specific objec- 
tives of the work reported in the present paper were to determine (1) what dyes will 
bind the proteins of fish meal and (2) what are the optimum conditions in the use of 





ST, TECHNOLOGICAL LABORATORY, BRANCH OF COMMERCIAL FISHERIES, U. S. FISH AND WILD- 
FE SERVICE, SEATTLE, WASH. 











COMMERCIAL FISHERIES REVIEW Vol. 19, No. 5a 


EXPERIMENTAL 


More than 100 dyes, including all of the major types of chemical structures 
listed in the Color Index (Rowe 1924) have been screened. Most of these dyes had 
to be discarded for one or more of the following reasons: 


1. The dye was insoluble in the buffer solution used. 


2. Solutions of maximum solubility failed to give adequate depth 
of color. 


3. The dye adhered to the spectrophotometer cells to such an ex- 
tent that the readings were valueless, and cleaning was unduly 
tedious. 


4. The color faded on standing or on exposure to light 
5. The pH of the solution changed greatly on standing. 


6. The color of the dye was discharged by the sample without ap- 
parent binding. 


7. The dye was not appreciably taken up by the meal. 
DISCUSSION 


SUITABLE DYES: On the basis of the above screening tests, eight dyes exhibited 
satisfactory dye-binding characteristics. Sixofthem--acid fuchsin, aniline blue, bro- 
mocresol green, he PN fee Se oe a 
alizarin redS, or- g Summ nary y of Experimental Results -4 
ange Ilandorange 
G--were found to be 
satisfactoryinacid- |Satisfactory acid dyes (pH 2.5): Acid fuchsin 

7 Aniline blue 














ic solution (pH 2.5), 














and two of them-- Bromocresol green 

congo red and tetra- Alizarin red S 

bromophenolblue-- Orange II 

were found to be eres eae eee ere oes Xs Orange G ys 

satisfactory in alka- \Satist actory basic dyes (pH 11); Congo red 

line seration ton 11)... .————.—___. ____Tetrabromophenolblue 
(Optimum. conc entr ation of dye : 0.0001 to 0,003 percent 

OPTIMUM CON- Optimum par ticle size of. meal: mi mesh 

DITIONS: Dye con- Optimum meal-to-dye ratio: 1 milligram of meal to 1 

centrations from ee ee 

0.0001 percent to (Opti mum _time « of shaking: i ee 

0.003 percent gave Amount of dye bound by meal: 25 to 40 percent of basic dye 

transmission ranges CO tO. 90 percent of acid dye 











from 90 to 10 percent 

in the spectrophotometer. Meal samples varying from 8 to 80 mesh were used, with 
60 mesh giving the best results. The meal samples were employed in amounts vary- 
ing from 5 to 25 milligrams in 10 to 50 milliliters of dye solution. The ratios of 
meal to dye solution that gave the best results were of the order of 1 milligram of 
meal to 1 milliliter of solution. The mixtures of meal and dye were shaken in ame- 
chanical shaker for 2 to 24 hours, but 4 to 5 hours of shaking gave the maximum 
binding. Under these conditions, the meals bound 25 to 40 percent of the basic dyes 
and 60 to 90 percent of the acid dyes. 


PRELIMINARY RESULTS: Preliminary work on the application of these dyes 





has been carried out on meal samples that have been used in feeding tests and for 
which the nutritive value of the protein is known. A wide variation in the extent of 
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dye binding was observed, but sufficient data are not available as yet to determine 
the relationship of the dye-binding characteristics to the nutritive value of the pro- 
tein in the meal. 


CONCLUSIONS 


Eight dyes have been selected, from a group of approximately 100 tested, which 
showed satisfactory protein-binding characteristics. The dyes will be used to study 
the possibility of relating the dye-binding characteristics of the protein of various 
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"DRIP" IN FROZEN FISH 


Drip is the term applied to the clear or sometimes slightly cloudy 
thatis not reabsorbed by thefish tissue when frozenfish thaws. The 
consists of water with dissolved protein, other nitrogenous constit- 
uents, and minerals. The quantity of drip from frozen fish depends upon 
many factors, including the kind of fish involved and the length and tem- 
| peratureof storage prior to thawing. Drip may be less than one percent 
| Or more than 20 percent of the weight of the fish. 
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--"'Sea Secrets,'' April 16, 1957 
The Marine Laboratory, 
University of Miami, 
Coral Gables, Fla. 
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NEW ENGLAND FISH MEALS IN 
THE NATIONAL FISH-MEAL RESEARCH PROGRAM 


By Joseph H. Carver* 
BACKGROUND 


A nationwide program of research on fish meal and fish oil financed by funds 
provided under the Saltonstall-Kennedy Act of 1954 was initiated in 1955 by the U.S, 
Fish and Wildlife Service. The program included studies of composition, nutritional 
value, and of possible new uses for fish meal and fish oil. The projects were carried 
out largely by contractors, such as universities and other research organizations, 
The supervision, liaison, and responsibility for samples were handled by Service per- 
sonnel, 


In order to supply the research contractors with authentic samples of meals and 
oils, the four Service Fishery Technological Laboratories procured them from the 
various commercial plants within their own areas, Each was obtained by a staff mem- 
ber who was temporarily stationed at the plant, The bulk of each sample collected 
was sent to the College Park, Md,, laboratory along with all the available data, and 
these were distributed to the various research contractors, 


The role of the East Boston laboratory in the fish meal and oil research program 
was to collect the various samples of meal and oilfrom the fish-meal manufacturers 
in the New England area, The laboratory also arranged for the commercial manu- 
facture of controlled lots of meal, Various samples of meal were also prepared in 
the laboratory. All samples were analyzed for proximate composition--moisture, 
protein, fat, and ash content, 


SAMPLE PREPARATION 


In the New England area, fish meals are made from ocean perch offal, whole men- 
haden (pogy, mossbunker), whole or broken herring (called sardine, and these materi- 
als include the raw and cooked scrap from the canneries), and to a lesser extent, 
whiting offal and mixed whole "trash" fish. The offal consisted of the waste remain- 
ing after filleting and of very small fish, An attempt was made to obtain representa- 
tive samples of the usual production of each type of meal produced. However, it was 
impossible to get a representative sample of meal from mixed "trash" fish, since the 
species composition of the "trash" fish load varied from hour to hour, Fish mealand 
oil made from ocean perch, menhaden, herring, and whiting were procured from com- 
mercial plants in Gloucester, Mass., and Portland and Rockland, Me. Each commer- 
cial sample drawn was 100 pounds except sample EBGH-8, ocean perch, which was 
2,000 pounds. The raw material was inspected by the staff member of the Service. 
Where possible, data were also obtained on the location ofthe catch and the lengthof 
time the fish were out of water. The meal sample was taken from the midproduction 
run on each lot of raw material, so that the first half of the production run would thor- 
oughly clean the equipment of any fish or fish meal of unknown history. All datacon- 
cerning the history of the samples procured are found in table 1. 


All the commercial fish-meal samples, EBGH-1 to EBGH-11, were made by the 
wet-reduction process, from lots of not less than 50,000 pounds of raw material. The 
average cooking times ranged from 4 to 5 minutes and the steam pressures employed 
were from 40 to 50 p.s.i. The cooked material was pressed for an average of 5 min- 
utes in a screw-type press. In samples number EBGH-1, -2, -4,-7, and -8 the press 
cakes were dried in a continuous hot-air drier whose inlet temperatures ranged from 
1400° to 1500° F. Samples EBGH-3, -5, and -6 were dried in a continuous steam-tube 
dryer at steam pressures of 60 to 100 p.s.i. Before drying samples EBGH-9 (men- 
FISHERY PRODUCTS TECHNOLOGIST, FISHERY TECHNOLOGICAL LABORATORY, BRANCH OF COMMERCIAL FISHERIES, 

U. S. FISH AND WILDLIFE SERVICE, EAST BOSTON, MASS. 
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__Table 1 - Data and Composition of Meal Samples __ 
Description of Meal Sample | 
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we. — ___Raw Material Preparation of Meal _ 
| Species | Date and | "| Condition - bas . ners Proximate Composition 
el 6of Location | Portions of Raw Scale Method aE of Meal 
| ae | of Catch | Used a oe a | Moisture ‘| Protein | Fat _ Ash! 
Lbs 1 | Percent Bet i 
Ocear Gully- } | Good Commer ) 6.3 | 63.3 | 11.4 | 22.4) 
aI perch | |i} a | | ee tet e a i: _(Cooked 4 min. at 40 p.s.i. steam, eee Ea =. j j 
Ocear 3 Fair j}Commer- | pressed 5 min., and hot-air dried \ 7.1 T 58.2 | 9.0 | 25.9) 
| perch 19/19/55 | | cial _Drying air temp. was 1400°-1500° F ‘MER Bs. Os | 
a Ocear Gully! Good |Commer- | 6.2 | 58.7 9.5 | 26.1 
| perch 14/23/56 Dot ah Ss —| cial 2 } | ee eS 
Ocea No data on : a tis Good |Commer- (Cooked 4 min. at40p.s.i. steam 7.6 } 61.5 8.2 21.7 
of cial pressed 5 min., and dried in steam | 
jacketed drier. Drying air temp 
. . nea was 212° F j } a 
f Good Commer- Cooked 4 min. at40p.s.i. steam, 5.4 59.2 10.5 23.7 
I cial pressed 5 min., and hot-air dried 
3 1 } 1} | | Drying air temp. was 1400°-1500° F | CRE: eed 
cear No data or || Fair Commer (Cooked 4-5 min. at 50p.s.i. steam, 4.9 53.6 11.9 22.3 
er area of cial pressed, oil-free press liquor re 
atch turned to press cake and vacuum 
8/24 | }| j | dried. Drying tem | j nial 
Rockland, Small whole Good ‘Commer {Cooked 4-5 min. at 6.1 62.7 13.0 18.1 
M rea fish 1 pressed 5 min., dried in steam-jack 
9/28/55= eteddrier. Drying air temp. was | | 
| 212° F, | | Pe tf 
nd W Good ( € Cc .8.i, steam 8.4 59.1 14.1 | 16.0 
rea a air press lig 
64 ke and vz 
mp. was 
NV € r t ( 4 96.8 20.¢ 5.4 
ying a 
11 i, |W ( stean 2 ¢ 66.5 13.0) 16.1 
i she 
en 
ss 4 65.2 6. 
t ying 
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F |Cooked 4 A 7 5 4.5 6.0 
k P 
nga I i i 
W k s 53 9 0.9 
ng 
2 2 23.4 
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den), -10 (sardine) and -11 (ocean perch), the oil-free press liquor was returned 

the press cake before drying. The press cakes with the added press liquors were 

en dried in a batch-type steam-tube vacuum drier operated at about 60 p.s.i. steam 
pressure 


Samples EBA and EBB were special samples made from haddock offal with in- 
lustrial equipment. A conventional wet-reduction process with a hot-air drieras 
described in the previous paragraph was used to prepare sample EBA. This meal 
was made from 15,000 pounds of haddock offal with the viscera left intact, obtained 
by the laboratory to supply a manufacturer of fishery byproducts. 


Sample EBB was made from 10,000 pounds of the same material. This offal was 
cooked in a batch cooker, known as the dry-reduction process, operated at 100 p.s.i. 
steam pressure for six hours, After being cooked, this meal was dried in a steam- 
jacketed drier operated at an average of 90 p.s.i. steam pressure. 


Lots of haddock meals of about 10 pounds were prepared in the laboratory from 
haddock offal from eviscerated fish by oven-drying and by solvent-extraction. The 
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raw material was ground to a slurry in preparation for drying. Oven-dried samples 
were prepared by drying the slurry at a temperature of 212° F. in circulating air. 
The solvent-extracted meals were prepared by the following procedure. The ground 
slurry was mixed into a boiling solvent system of ethylene dichloride, at 181° F., 
and boiling was continued until almost all the water was removed. The solvent along 
with the solvent-extracted fat was removed by filtration, and the residual solvent in 
the meal was removed by heating the meal to 194° F. in circulating air. Additional 
laboratory-size lots of haddock meals were prepared from the offal of filleted had- 
dock with the viscera icft intact, by the oven-drying and by the solvent-extraction 
methods. 


From each lot of meal a representative sample was withdrawn for proximate 
composition. The results of the analyses are shown in table 1. The bulk of the meal 
was sealed in polyethylene bags and the’ bags placed in fiberboard cartons. These 
cartons were then sent to the Service's College Park laboratory for distribution, 


DISCUSSION OF RESULTS 


The six ocean-perch meals had an average composition as follows: moisture, 
6.2 percent; protein, 59.9 percent; fat, 10.1 percent; and ash, 23.7 percent (on a dry- 
matter basis: protein, 63.9 percent; fat, 10.8 percent; and ash 25.3 percent). The 
maximum deviation from the mean protein value was 3.8 percent protein with an 
average deviation of 2.1 percent protein on a dry basis. The ash content of theseo- 
cean-perch meals is high and probably is due to at least two factors. The moreim- 
portant factor for the high ash is the removal of the fillets, which causes anincrease 
in the total ash of the offal. The second factor in increasing the ash content is prob- 
ably the sand which is found in the viscera of these fish. 


Since only two herring meals, two menhaden meals, and only one whiting meal 
were procured and analyzed, no conclusions or trends can be drawn from these few 
samples. It will be noted that both the herring and menhaden meals were highinoil 
content. The oil content of the whiting, as expected, was low and the protein content 
was high. 


Haddock meal samples EBA and EBB reflect the effect of the method of process- 
ing the offal. Both samples were made from haddock offal with the viscera included. 
Sample EBA was made from cooked offal that had been pressed, whereas EBBoffal 
had not been pressed. The unpressed meal was high in fat content, 18.9 percent (20.4 
percent on a dry-matter basis), as compared to the fat content of the pressed meal, 
namely, 4.9 percent (5.4 percent on a dry-matter basis). The protein content shows 
an inverse relationship to the fat content, namely, 53.3 percent (57.2 percent ona 
dry-matter basis) for the unpressed meal and 59.3 percent (65.6 percent on a dry- 
matter basis) for the pressed meal, 


The haddock meals prepared in the laboratory from eviscerated haddock offal 
had very high protein contents. Meal made by drying the ground offal in an ovenhad 
a protein content of 71.2 percent (73.0 percent on a dry-matter basis) and a fat con- 
tent of 2.9 percent (3.0 percent onadry-matter basis). By processing this offal with 
the boiling solvent method (using ethylene dichloride) most of the fat, being very sol- 
uble in the solvent, was removed by the solvent. As a result, the protein content rose 
2.7 percent to a value of 73.9 percent (76.0 percent on a dry-matter basis). Corre- 
spondingly, the fat content of the extracted meal went down about 2.7 percent to a 
value of 0.24 percent (0.25 percent on a dry-matter basis). 


Meals made from haddock offal in which the viscera of the fish was left intact 
showed a lower protein content and a higher ash content. Oven-dried meal made from 
this offal had a protein content of 53.1 percent (55.6 percent on a dry-matter basis) 
as compared with the protein content of 71.2 percent (73.0 percent on a dry-matter 
basis) for oven-dried offal of eviscerated haddock. Again, the protein content of the 
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meal prepared by the boiling solvent method from haddock offal with the viscera in- 
cluded increased to a value of 67.6 percent (70.0 percent on a dry-matter basis). A 
sharp difference in fat content is evident, it being 18.6 percent (24.0 percent ona 
dry-matter basis) for the oven-dried meal and 1.5 percent (1.6 percent on a dry- 
matter basis) for the solvent-dried meal. 


9] 
i 


id 


SUMMARY 


The Service's East Boston Fishery Technological Laboratory obtained commer- 
samples of fish meal and oil from the various fish-reduction plants in New Eng- 
These meals and oils were scheduled to be used in a nationwide research pro- 


iect to determine factors affecting the nutritive value and use of fishery byproducts. 
hose samples obtained were representative of the production of the New England 


hery byproducts manufacture. The meals collected were ocean-perch meal, her- 


ing (sardine) meal, menhaden meal, and whiting meal. Pertinent data, such as the 
ring g 


+ 


history of the raw material used and the processing techniques employed, were ob- 


tained with each sample. The proximate composition of each meal was determined-- 
isture, protein, fat, andashcontent. The samples were then sent to contractors for 


fit} 


{suspended mineral particles are carried into the sea after a heavy rainfall. This 


11SO 
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surface. Thus, the 


which is observed in many areas and after which the Red Sea and the Vermillion 
sea in the Gulf of California have been named is due to the abundance of certain 
aigae or dinoflagellates. 


f the scattering of light against the water molecules themselves, or against 
spended minute particles smaller than the shortest visible wave lengths. The 


ter, leads to a variety of shades of the green colors which are observedat sea. 


er evaluation 








THE COLOR OF THE SEA 


The sea is not always blue, but may vary from an indigo, or deep blue, to an 
reen, orincertaincircumstances brownor brown-red. Blue waters are 

ical of the open oceans, particularly in the middle or lower latitudes, whereas 
en water is more commonin coastal areas, and the brown or "red" waters are 
bserved in coastal regions only. The blue color can be explained as a 


+ 


the water is therefore comparable to the blue color of the sky. 


rhe transition from blue to green color, however, cannot be explained as a 
t of this scattering, and it has been pointed out that a "yellow substance," 

seems to be a metabolic product of plant plankton and which occurs in 
atest abundance in coastal areas, in combination with the 'natural’' blue of the 


} 


When water is full of silt or other suspended large particles, the sea may take 
the colors ofthe particles. Discoloration canbe observed when large quantities 


may occur when very large populations of certain kinds of microscopic algae 
dinoflagellates, such as those found in the "red tide,"' are present very near the 
"red water,'' which is actually more often brown than red, 


--"Sea Secrets’ The Marine Laboratory 
University of Miami, Coral Gables, Fla. 
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VITAMIN CONTENT OF FISHERY BYPRODUCTS 


Part 3 - Riboflavin, Nicotinic Acid, Vitamin B,,, Moisture, Oil, Ash, 


12’ 
and Protein Content of Commercial Fish Meals 
By Neva L. Karrick,* William Clegg,** and M. E. Stansby*** 
ABSTRACT 
Samples of commercial fish meals prepared from herring, mackerel, menhaden, 


sardine, and tuna were assayed for their content of riboflavin, nicotinic acid, vitamin Bj, 
protein, moisture, ash, and oil, The results of these assays are reported in six tables, 





INTRODUCTION 


In recent years the nutritive factors present in fish meal have received increased 
attention from both producers and consumers. Actually, the true value of the prod- 
uct is based upon these ingredients--both known and unknown-~-even though the price 
of the meal is based upon the crude protein content. One example of this interest oc- 
curs among those feed manufacturers who utilize the vitamin content of fish meal as 
one of the vitamin sources in their feed mixes. They are at a disadvantage, however, 
because little information has been published on the vitamin content of fish meals. 
To increase the existing 
knowledge of the nutritive 
ingredients in fish meal, 
the Service's Seattle Tech- 
nological Laboratory there- 
fore undertook to survey 
fishery byproducts for some 
of their nutritional factors, 
including proximate com- 
position and content of 
three members of the vit- 
amin B complex. 


Information needed by 
the users of fish meal in- 
cludes (1) an indication of 
Fig, 1 - The weighing of samples before the vitamins are extracted for their quan- the variability of the vit- 

titative determination by microbiological assays. amin content of fish meals; 

(2) the range of values for 

the different kinds of meal; (3) whether a range can be established for a particular 
kind of meal and, if so, what percentage of the meals will fall outside the range; (4) 
whether a knowledge of the history of the meals will help to determine if the meals 
will come within the range; (5) whether having high values for one vitamin indicates 
high values for all of the vitamins; and (6) the variation in the content of protein, 
moisture, oil, and ash in the meals. 





An extended survey of products on the commercial market has been necessary 
to answer these questions. Thus, this project has been carried out over a period of 
several years, and the results are being published in a series of papers. The first 
paper reported the effect of processing methods on the content of riboflavin, nico- 
tinic acid, and vitamin B12 in solubles and meal (Karrick and Stansby 1954). The 
second paper reported the content of these vitamins in visceral organs of albacore 

* Chemist | Fishery Technological Laboratory 


*%* Former Chemist Branch of Commercial Fisheries, 
*** Chief, Pacific Coast and Alaska Technological Research J U, S, Fish and Wildlife Service, Seattle, Wash. 
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tuna (Germo alalunga) and of sardine (Sardinops caerulea) (Karrick 1955). This pa- 
per reports the results of vitamin and proximate analyses on the principal kinds of 
fish meals produced commercially in the United States. Fish meal samples whose 
history, method of production, and sampling procedure usually were known were an- 
alyzed for their content of riboflavin, nicotinic acid, and vitamin Bj9 as well as for 

eir content of moisture, oil, protein, and ash. The vitamins are among those that 

. important in animal nutrition. Analyses for nicotinic acid were specifically re- 
juested by the American Feed Manufacturers' Association. The vitamin B12 results 

» also of major interest to both producers and users of fish meal. 








lo encourage the production of a more uniform product, the California Hay, 
rain and Feed Dealers Association has suggested a code for fish meal (Anonymous 
51) that includes recommendations on the protein, fat, and moisture content. They 
mend (1) that the protein content of individual bags of meal within a lot should 
va ver a range greater than 5 pounds per 100 pounds of meal; (2) that the mois- 
re content should be from 6 to 10 percent; and (3) that the fat content should be be- 
5 and percent, and preferably not more than 8 percent. Producers of fish 
interested in the comparison of the analyses of their meals with these rec- 
tions as well as how much variation occurs both within a lot and among 
lots. The proximate compositions of the samples of fish meal were deter- 
der to check both whether they fall within the recommended ranges and 
lation occurred in them. 


SAMPLES 


amples analyzed for this project were commercially-prepared meals and 
ined from two sources: testing laboratories and the plants where the meals 
esscd. Most of the samples obtained from the testing laboratories were 
sentative of carload lots, although the tuna and the mackerel samples repre- 
ym 500 to 1,000 100-pound bags. The remaining samples varied in the a- 
f meal represented. The majority of these remaining samples were repre- 
f 100-pound bags of meal, but a few were random samples that cannot be 
r -esentative of any amount of meal other than the size of the sample, 
s usually 2 to 3 pounds. There were a few samples that represented large 
inknown size. When the results of the analyses were being evaluated, a 
representing a large batch of meal was given more weight than was a sam- 
esenting only itself or a 100-pound bag. This method of evaluation is not 
meal imply that samples of a 100-pound bag were analyzed as a substitute for 
samples from larger batches of meal; rather, the samples from the small amounts 
f meal were analyzed to determine the variability of fish meal from bag to bagand 


n lots. 


As complete a history as possible was obtained for each sample to help to eval- 
ite the results of the analyses. This history, whenever possible, included the fol- 


1. Species of fish. 5. Portion of the fish processed. 


2. Location of the catch. 6. Methods used for cooking, pressing, 


3. Storage history of the raw material. and drying the raw material. 


{ 


4. Condition of the raw material when 7. Storage history of the meal. 
processed. 


After samples of the meals were obtained, they were stored in glass jars at0° F. 
until analyzed. Before the assays were started, the meals were ground as fine as 
possible in an attrition-type laboratory mill. 
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ASSAY METHODS 


The meal samples were assayed microbiologically for their content of ribofla- 
vin, nicotinic acid, and vitamin B,9. Riboflavin and nicotinic acid were determined 
by a modification of the method of Roberts and Snell (1946). Vitamin B,9 was de- 
termined by a modification of the method of Hoffman, Stokstad, Hutchings, Dorn- 
bush, and Jukes (1949). 


Riboflavin and nicotinic acid were extracted from the meals by incubating 1- 
gram samples with papain and takadiastase in a pH 4.6 buffer at 37° C. for 16 hours, 
The samples then were neutralized, filtered, diluted, and assayed. Vitamin Bj9 was 
extracted by autoclaving 1-gram samples for 5 minutes at 15 pounds pressure with 
about 25 milliliters of water and 0.025 grams of sodium bisulfite. The samples then 
were filtered, diluted, and assayed. 


In all of the assays, the samples were run in duplicate at four different concen- 
trations, and the growth of the organism produced by the sample was measured by 
titration of the acid formed. The amount of vitamin present was determined bycom- 
parison with the growth produced by known amounts of the vitamin. 


The content of protein, moisture, oil, and ash in the products was determined 
using standard techniques of the Association of Official Agricultural Chemists (1950). 








HERRING MEALS 


The results of the analyses of 29 herring meals for their proximate composi- 
tion and content of riboflavin, nicotinic acid, and vitamin Bi2 are reported in table l, 








Table 1 - Analyses of Herring-Meal Samples Representing Large Batches 1/ of Meal 













































































yet i 2 3/ Vitamin Content (Moisture- and 
7 | a Proximate Composition— Oil-Free Basis) 
roc- ' = T; oe 77 : 
aeier cessed2/ |Protein | Moisture | Oil Ash Riboflavin| a , = 
we ay aeBReT EVA a ee ee ee (Micrograms Per Gram) 
)| 1/5/53 68.1 7.8 11.6 | 11.1 6.4 71 0.40 
| | 1/5/53 68.2 8.3 11.9 | 11.1 7.6 70 0.39 
| | 1/27/53 69.9 7.8 11.3 10.9 8.2 57 0.34 
| |__ 1/27/53 69.1 8.6 {11.5 | 11.2 8.9 61 0.33 
1] ; 60.9 7.1 20.2 | 10.7 4.3 57 0.26 
| | 2/24/53 | 67.9 7.5  |11.8 | 10.8 7.3 47 0.37 
| 2/26/53 71.4 8.0 [11.5 | 11.5 7.8 8T 0.36 
res) = =" wack 6.7 {11.5 11.6 8.7 75 0.37 
wt >| 69.2 8.0 114.3 | 10.1 8.9 99 0.52 
| ‘ [| 7/21/53 74.2 7.9 | 13.6 10.0 8.1 98 0.52 
68.9 8.3 13.7 9.6 8.5 102 0.48 
aes ee ee ee eae ae 
8/12/53 70.5 tom 111.4 10.0 7.8 100 0.47 
ae 5 Oe ee * ee eS ee 101 0.44 
68.3 8.3 | 12.9 9.7 7.5 103 0.40 
| 70.2 8.0 | 13.6 9.5 Rat 104 0.45 
8/31/53 70.3 7.9 112.2 10.0 7.7 99 0.43 
69.9 $.7 111.8 - 7.5 105 0.43 
ia. ae 69.6 7.9 {12.3 - 7.9 108 0.44 
1/ The amount of meal represented by the samples was carload lots. | 3, Protein and ash determinations reported in this table were made 
3/ Meals processed by the same company are grouped together, by the feed control laboratory of the Bureau of Field Crops of 
the State of California Department of Agriculture, 








The 29 meals were processed during 1953 in Alaska or British Columbia from whole 
fish. Meals processed by the same company are grouped together in the table. In- 
formation concerning the details of methods used to dry these meals was not avail- 
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able; however, all of the processing plants used direct-heat driers. The exact a- 
mounts represented by each sample were not known, but the samples were allfrom 
large composite batches of herring meal representing thousands of pounds of pro- 


duct. 


The range covered by the values for proximate composition was less than a 
first glance at table 1 would indicate. One of the samples was unusually high in oil 
and low in protein. If this sample were not included, the range in proximate com- 
position would be as follows: protein, from 67.9 to 74.2 percent; moisture, from 6.7 
to 8.6 percent; oil, from 9.6 to 14.5 percent. The amount of oil is the only one of 
these results that is not within the recommendations in the suggested code for fish 


meal (Anonymous 1951). 


The same sample that had the unusual proximate composition had a lower vita- 
mit 1 content than did the other samples. It contained the least riboflavin and vitamin 
Bi2 and the next to least nicotinic acid. The range in vitamin content of the meals 
would be changed very little, however, if this meal were not included. The vitamin 
per gram of meal on a moisture- andoil-free basis. The values ranged from 4.3 to 
8.9 for riboflavin, from 47 to 108 for nicotinic acid, and from 0.26 to 0.52 for vita- 
min Byj9. For all three vitamins, the maximum value was at least twice the mini- 


mum value. 
MACKEREL MEAL 


The results of the analyses for proximate composition and vitamin content of 12 
samples of mackerel meal manufactured in California are reported in table 2. Four 





_ Table 2 - Analyses of Mackerel-Meal Samples 
























































if Amount of | itamin Content (Moisture- and 
Meal Date “= _ Oil-Free Basis) 
Repr. by Proc- Prosimate Compesiiice ., «__...| Nicotinic] Vitamin 
Drier __| Sample _ | essed 1/ Protein [Moisture | Oil | Ash Riboflavin Acid Bi2 
| Bags eee ee . .(Micrograms Per Gram). . 
ine 7 a 62.8 9.7 7.3 118.6 5.5 62 0.40 
yo oy 1 11/10/50 66.3 9.0 6.7 |19.1 5.6 62 0.41 
2 J f 63.6 10.4 6.9 |16.8 6.8 71 0.49 
wie 1 © | 1729751 | 60.2 5.7 10.9 | - 5.3 70 0.32 
—_— 2 = | 7/14/53 | 59.8 5.6 |12.4/21.0| 5.4 70 0.24 
i. s) fo | 8/13/53 | 61.4 6.5 {12.4 118.9 | 6.1 75 0.30 
‘| y| 6/29/53 | 57.1 7.8 9.3 22.1 | 4.9 120 0.23 
Modified | | 7/13/53 | 55.6 7.4 |10.2 |23.7] 4.2 112 0.24 
direct - 600 | 7/23/53 54.1 6.7 11.3 |23.2 3.8 93 0.20 
eh | 7/20/53 59.7 7.6 11.2 19.4 7.0 142 0.23 
eal 7/24/53 60.6 Bu 9.8 |19.6 6.5 137 0.23 
Tee | ee | 8/7/53 60.6 6.8 8.7 |20.3 | 6.6 139 0.24 
Minimum 2/\ 54.1 5.6 8.7 18.9 3.8 70 0.20 
Average 27 | Se eee 7.0 IU.7 [21.0 | 5.6 III 0.24 
Maximum 2/ * Ut | TS fewest Te. 142 0.30 
Standard 7. Te j “a | 
deviation 2.65 0.76 1.38} 1.78) 1.18 28.8 0.028 
































1/Meals processed by the same company are grouped together, 
(2/uly the analyses of samples representing large batches of meal were included in these calculations. 








of these samples were each representative of one 100-pound bag. The other eight 
samples were representative of 500 to 624 100-pound bags. In the computation of 
averages and of standard deviation, the samples representing one bag could not be 
considered equal to those samples representing 600 bags. Thus the four samples of 
individual bags were not included in these calculations. It is interesting to note that, 
for most of the analyses, the samples of individual bags fall outside of the range 
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found for the samples of large lots. The four individual bags of meal were process- 
ed in a different year. Three of these meals were dried in a steam-tube drier, but 
since none of the other 12 samples were dried in this way, no comparisons can be 
made. The fourth meal was prepared in a direct-heat drier by a company that had 
processed two of the large batches of meal. The composition of these three meals 
that were dried by direct heat was quite similar. 


For none of the samples could any correlation be established between the com- 
position of the meal and the type of drier used for processing the meal. The oil con- 
tent of 5 out of the 8 samples representing large batches of meal were higher than 
that recommended in the suggested code for fish meal. 


MENHADEN MEAL 


Analyses for 23 samples of menhaden meals are reported in table 3. These 
were random samples not representative of any particular amount of meal. The meals 
were processed by 16 different companies and those processed by the same company 
are grouped together. Since only2 samples were not dried in a direct-heat drier, no 
conclusions can be made about the effect of other types of driers. 











































































































ee wits Table 3 - - Analyses of Me tetihnedien: Meal Samples 1/ 
Type | Date Proximate Composition Vitamin Content (Moisture - and | 
of + ene Bibbs 0) ee Oil-Free Basis) 
wie ils fedbirsec ' 5 T | _ [Nicotinic ] Vitamin 
aed —_| Protein |Moisture| Oil |Ash |Riboflavin| Acid | B12 
STs Cee perme. . . . (Percent as rere 2: . (Micrograms Per Gram). 
) | 6/12/51 60.3 | 9.2 | 7.8] 20.6 “4.0 ; 59 | 019 
| | 8/14/51 59.3 9.2 | 8.5] - 4.0 64 | 0.17 
1 MeDete | 87.4 | 9:8 110.4)31.8) 64 | 6h ia 
| | 6712751 59.1 9.4 | 9.0]18.9 4.4 61 | 0.23 
| | 8/27/51 54.9 7.2 |13.2 | 23.0 4.0 42 | 0.25 
No Date 50.1 9.1 | 10.7 | 25.6 Zo 50 | 0.21 
[6/12/51 | 59.2 | 102 | 7.8/201/ 42 ° &&4| 52 | 0.23 
| | 8/27/51 59.7 8.4 9.7 | 19.7 3.6 57 | 0.18 
0/17/51 57.7 8.6 9.8 | 22.4 4.4 | 62 | 0.19 
Direct-| | 6/1: 3/51_ 59.9 | i « y | 7.5 22.9| 3.0 | 55 | 0.08 
heat /[8/14/51 [ 60.9 | 95 | 68/195/ 41 &£4.| 56 “Tl” oe 
8/27/51 57.5 8.1 12.5 | 20.6 4.7 72 | 0.21 
| | 8715/51 | 60.3 | 84 | 85 /20.8/ 40 64 | 0.19 
||9/7751 | 58.1 | 9.4 | 9.88/19 8] 4.2 67 _—s| «(0.32 
9/16/51 | 62.4. | 9.9 112.5 115.9 3.7 ~ OL | Om 
9/18/51 61.9 8.6 11.4 |18.8 3.0 80 | 0.18 
[9/i7/si | 62.3 | 10.8 | 81119.4/ 3.0 “91 | 0.15 
9/20/51 | 28-9_| 8.9 [10.1 [21.4 [3.0 | 79 | 0.15 | 
A bkcasocn | 53.4 | 8.9 [13.5 [24.4 [ 2.6 be | 0.12 
fi/i67/51 [ 57.6 | 10.4 8.6 | 20.0 4.8 | ee ee 
J[e/s2_ «| 60.6 | 9.2 | 8.3 [21.5 4.1 64 | 0.20 
[Hot Air | 8/14/51 60.1. | 8.7 D3 j210)| 5.0 | Ol | Ome 
[Steam [i/i6/5i [ 59.0 | 10.4 7.5 [21.5 4.4 oo | oe 
wani~ | 50.1 | 7.2 6.8 |15.9| 2.6 42 0.08 
mum __| vail fired: Shinn intsncioetes Sa J 
verage 58.7 | 9.2 _9.6 120.9 | 3.9 65 _|_ 0.19 
| Maxi- 62.4 | 10.8 13.5 | 25.6 4.8 91 ee 
oC St Se) See oe Ge eee Ce 
Std. de- 2.78| 0.86 1.91] 2.05] 0.60 | 12.6 0.046 | 
viation 
1/ These samples were taken at random and are not representative of any given amount of meal, 
[2/ The samples obtained from the same company are grouped together, 
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Standard deviations and ranges calculated for the different ingredients indicated 
that there was not an unusual number of extreme values. This observation is of in- 
terest because greater individual variation might be expected from random samples 
fmeals. The moisture contents were in general, within the recommendations sug- 
gested in the code for fish meal (Anonymous 1951). The oil contents, however, 
tended to be high and the protein contents varied more than the recommended 5 per- 


SARDINE MEALS 


The results of the analyses of sardine meals are reported in table 4. All of the 
samples were representative of large batches. The meals which were produced in 


































































































Table 4 - Analyses of Sardine-Meal Samples Representing Large Batches of Meal 
Amount of Date | a. od | Vitamin Content (Moisture- and 
Meal p aero gash ri : = Oil-Free Basis) 
Repr. by bia I roximate Composition ae Nicotinic Vitamin 
Sample _ | Pate Protein| Moi ne Oil” h_ |Riboflavin} Acid | Bi2 
(Perceny ..<%. . (Micrograms Per Gram) .. | 
, 10/13/50 59.4 - wees 4.2 l 73 0.23 | 
toad fl 43/3) 50 | 60,0 | 10.6 _ | 7.6 a +—19 __1 at 
he 11/14/50] 53.6 13.3 | 70] - 2.6 42 0.22 
+ — 39 piri rir 
10/4/50 57.7 7.5 7.0 | 22.7 4.3 13 0.44 | 
, : \ 59.¢ TS) 21.8 5.0 82 0.29 
rihotabete | WE 7.9 | 8.0 | 20.9 | 5.8 96 0.37 
10/4/50 | 59.8 =| 70 | 63 1 410 | om 85 0.23 
11/3/50 58.1 6.4 | 9.7 | 22.4| 5.4 87 0.25 | 
10/6/50 ts a.4 SY 17.0 5.8 89 0.26 
10/14/50 8.2 15. 1.17.8 | Ga. | Lae 0.29 
10/6/50 | Or | | ceo ae ae 66 | 0.22 
i | 10/21/51 10.6 8.2 | 22.9 5.9 81 | 0.26 
}| 11/1/50 6 10.8 | 79) 208 | OR" 69 | oe 
10/12/50 | 8.1 6.1 7.0 | 23.3 4.2 61 0.20 
11/4/50 58.6 3.3 723-1 32.7 4.7 69 0.26 
| 11/8/50 95.6 8.9 10.8 21.5 | 6.2, fa 87 0.29 
10/13/50 |{ 65.2 | 3.9 7.4 | 18.8 5.0... 1, 0.29 
10/13/50 | 62.1 | a. tote? ae 5.2 94 0.27 
10/20/50 66.9 1.8. | 7.4 |.16.8 - aa 115 0.33 
4}10/31/50| 64.8 | 7.1 8.5 1 18.5 | 6.0 107 0.27 | 
11/14/50 57.2 7.5 7.9 3. 8 80 0.24 
11/3/50 | 69.4 0.2- | 7.3) 16.0 |) GO | 125 T 0.38 
eo Car 1 >| 10/13/50 60.2. | "88 1 ae 4 ee | oe 89 0.31 
10/20/50 59.3 8.4 "a 21.6 5.6 84 0.32 
}11/3/50_| 63.2 | 4.8 | 88] - | 47 74 0.24 
53.6 3.9 7.0 | 12.8 2.6 42 | 0.20 
60.0 C2. 7.0 .1.808 5.2 | 34 a 
69.4 os t30.0 2 oe. oe 125 0.38 
“ } : | ; gio ol 1 a en See 
| 3.66] 1.98 | 0.95] 2.85] 1.0. | 17.4 0.046 
ion _ ve Te A b ducati Bere | L 
leak: processed by the same company are grouped together. 
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1950 are classified according to the type of drier in which they were dried: airlift, 
steam-tube, modified direct-heat, or direct-heat drier. 


The protein contents of the samples had a range of 16 percent. The moisture 
contents of five of the samples were above the recommended upper limit of 10 per- 
cent (10.6, 13.3, 10.6, and 10.2 percent), and those of two samples were below the 
recommended lower limit of 6 percent (3.9 and 4.8 percent). Except for one value 
of 10.8 percent, the oil contents of the samples were within the recommended limits. 
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The contents of all three of the vitamins covered a wide range, with values from 
2.6 to 7.2 micrograms per gram of moisture- and oil-free material for riboflavin, 
42 to 125 for nicotinic acid, and 0.22 to 0.38 for vitamin B;9. Despite this wide var- 
iation in actual values, however, only a comparatively few samples had extreme val- 
ues. It might be noted that in two samples the analyses of the vitamin content show- 
ed high results for all three vitamins. One of the batches of meal represented by 
the samples had been dried by a steam-tube drier and the other by a direct-heat 
drier. With the knowledge available, however, there is no way to ascertain why the 
vitamin content of these meals was higher than that of the other meals. 


TUNA MEALS 


Table 5 reports results on 14 samples of tuna meals, all of which were repre- 
sentative of large lots of meal. The kind of tuna used in the preparation of these 























_______—s Table 5 - Analyses of Tuna-~Meal Samples Representing Large Batches of Meal <n 
pat | Amount * 3 ae z ¥. Wit Riad ict’ i< ‘| Vitamin Content (Moisture- and) 
Type Meal Date | I FOXMMAE C omposition =—ss§_|_sCQil- Free Basis | 
ol Repr. by Proc- | Nicotinic ee 
| Drier | Sample _| essed 1/ | Protein | Moisture | Oil | Ash | Riboflavin] Acid | "12 
| Bags roe crercent) . 2 < s sess a |. (Micrograms Per Gram) . a 
' 360 7/8/53 60.3 | 5.2 11.4 18.6 | 4.8 | 117 0.23 
} Direct- | 870 7/20/53 56.7 5.0 12.5 |22.2 | 4.9 107 0.22 
heat =| 600 7/30/53 60.3 4.6 14.2 |17.4 5.4 136 0.24 
} 1065 8/13/53 57.0 5.7 14.3 | 19.6 6.0 121 0.27 
| { : 16/30/53 | 60.5 5.0 11.8 119.7 | 6.6 | 93 | ae 
7/13/53 60.9 5.2 12.4 | 20.3 7.2 97 0.30 
| 8/8/53 58.1 6.3 13.7 | 20.0 a3 145 0.33 
mane led l . 771475 3 | 9.6 i 6.6 ] 10.6 1 6.6 “i 178 - if 0.30 | 
Girect= 600} 7/27/53 3 9.8 |19.1 5.6 120 
— 8/3/53 8.8 13.3 - 6.6 150 
8/7/53 3.8 12.1 | 20.6 5.5 126 
| | 8/10/5 7.8 11.4 | 21.8 5.5 127 
a ae ae _ 4} 8/12/53 | __ 7.8 110.4 119.8 | 6 |_ _136_ 
[Steam-tube| Carload | 11/3/50 5.9 11.4 18.0 7.3 174 
[Minimum | _ . aoe eT 4.6 eb: Se a LY Fa a: ee | 
[Average 6.6 12.1 |19.8 6.1 131 0,27 | 
Maximum , d.3 PLO’ ie ee): ae 
(Standard | | | 2.24 | 1.62 1.4/ 1.40 | 0.96 25.2 0.32 
| deviation | | 
| deviation | Sa ; ee eee a 
{2 Meals prox the same comp ar? groil; oget er. a 


meals is unknown. With one exception, the meals were processed during the sum- 
mer of 1953. One meal was dried by steam-tube drier, nine were dried by a modi- 
fied direct-heat drier, and four by a direct-heat drier. The samples processed by 
the same company are grouped together. 


Probably the most significant observations canbe made by comparing the range 
covered by the samples reported in table 5 with that covered by those reported in 
table 6. The samples in table 6 are representative of individual 100-pound bags 
and, as such, would be expected to cover a wider range than would the samples re- 
presentative of larger amounts. The amount of material represented by the samples 
reported in table 6 is 22 100-pound bags of meal as compared with more than 8,000 
100-pound bags represented by the samples in table 5. This means that the results 
reported in table 6 are applicable only to the bags reported there. The fact thatthe 
results in table 6 cover a wider range than do those in table 5, however, indicates 
that there are wide differences among individual bags. 


The individual differences in table 6 are of particular interest because all but 
two of the samples were dried by the same type of drier--a steam-tube drier. In 
the case of these samples, the kind of tuna scrap that was used to prepare the meals 
is also known, and 16 of the 22 samples were from the same kind of tuna and were 
processed on the same day. It is interesting to note that, of the three groups of sam- 
ples prepared by the same type of drier, the analyses within a group are essential- 
ly the same, although the results of the groups do differ. The exception to this is 
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the moisture content of the 12 meals produced from 50-percent skipjack and 50-per- 
ent yellowfin scrap. 








































































































Table 6 - Analyses of Tuna-Meal Samples Representing Single 100- Pound Bags of Meal 
ie Pas: | Vitamin Content (Moisture - and 
Type | Date | Proximate Composition Oil-Free Basis) 
f Raw | Proc-.., | | Nicotinic | Vitamin 
Drier Material | essed =! | Protein | Moisture | Oil __ {Riboflavin | _Acid Bi2 
hes. See (Percent)..... . . (Micrograms Per Gram). . 
50 percent || ) 62.9 8.1 | 8.9 6.7 120 0.26 
skipjack £/ {| 63.8 8.6 | 8.4 | 6.8 | 123 __ 0.26 
11/7/50 | 64.7 9.3 aoe 6.6 4 126 0.28 
| 1} 64.1 9.6 | tek 2 oe 135 0.29 
\ 66.6 3.6 9.8 8.3 157 0.35 
66.0 5.4 9.5 1.9 159 0.39 
0 perce 65.4 6.2 10.2 8.0 165 0.41 
vel 66.3 3.2 9.7 8.1 157 0.37 
lowfin3/ 66.5 1.4 9.8 7.6 150 | 0.40 | 
7 1/15/50) 66.3 4.2 9.7 7.6 i566 | 0.39 | 
[| 65.4 5.3 9.4 7.8 i855 | 0.36 | 
65.6 6.5 9.1 7.6 162 | 9.37 
65.4 6.3 9.0 7.8 164 | 0.37 
65.3 5.4 9.2 | 7.9 153 | 0.37 | 
65.3 5.5 9.1 2 ae 162 =? 
| 65.6 $8 | 9.3 8.2 | 158 _{ 0.35 
52.9 6.3 ;i3s.3 | 6.8 | 166 | 0.29 
\ l 0 > 54.6 6.0 13.8 | v2 171 0.29 
ray ) 54.0 8.8 Lie 6.6 169 0.30 
Mixed ¢ Secu et! Tie: 6 tee ee mi Ee Sic care 201 ilies 
scran | 
tSkipja k 2 12728/50 52.5 | ia-,CtCC 142 0.34 | 
. a} —EEE da 
Yellow 11/31/51 - 14.4 8.0 4.2 we Bh ae 
52.2 3.2 Tod 4.2 67 | O.32 
ge 63.2 6.8 | 9.6 7:92 cf 151 |_ 0.33 
67.2 14.4 13.8 8.3 | 201 h: 2 
a ae 2.57 1.64] 0.95 | 25.9 0.055 
| | | | 
2 | | | | bs Loupe 
roces sed by the ame sompa ny are grouped together, Tea 76 3/Neothunnus macropterus, 
Iwonus pelamis, | 4/Germo alalinga, 
DISCUSSION 


The data collected on a large number of fish meals gave no indication that any 

rrelation existed between the results of proximate analyses and of vitamin analy- 
ses and the methods used to process the meals. This lack of correlation would in- 
dicate that any differences in analytical results that may occur due to processing 
methods are either concealed or compensated for by other factors. An important 
point to be made, however, is that no biological tests were made on these meals. 
Thus, from the data reported here, it is not possible to say how important process- 
ing methods may be in determining the biological value of the meals. It also is not 
possible to determine whether any correlation exists between the analytical results 
and the over-all nutritive value of the meals. 


When an attempt was made to correlate analytical results of fish meals from 
different species, only meals representing large quantities of meal were included 
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because the use of large batches of meals would tend to give average results, or at 
least to avoid extreme values. Consequently, this discussion will include only the 
data in tables 1, 2, 4, and 5. These data are on samples representative of large a- 
mounts of meal. 


The data on the proximate analyses can be compared with the recommendations 
for fish meal suggested by the California Hay, Grain, and Feed Dealers Association 
(Anonymous 1951). The code recommends that moisture be between 6 and 10 per- 
cent and oil between 5 and 10 percent. 


In moisture content, all of the herring meals were within the recommended 
range. One of the mackerel meals was low (5.6 percent); one of the sardine meals 
was low (3.9 percent); and seven of the tuna.meals were low (5.2, 5.0, 4.6, 5.7, 5.0, 
5.2, and 5.9). Five of the sardine meals were high (10.6, 13.3, 10.6, 10.6, and 10.2), 
and none of the others were high. 


In oil content, none of the meals were below the recommended range. Most of 
the herring meals were high, the average being 12.0 percent. Five out of eight 
mackerel meals were high. The average, however, was only 10.7 percent. One of 
the sardine meals was above the recommended range, and it was only 10.8 percent. 
Most of the tuna meals were high, with the average being 12.1 percent. 


The recommendation on protein was concerned with variability among the bags 
in a batch of meal and did not recommend a definite amount. Among the meals an- 
alyzed the mackerel, sardine, and tuna meals averaged close to 60 percent. The 
herring meal averaged nearly 70 percent. 


If the data on the amount of each of the vitamins in the large batches of meal 
are combined, the variation in the moisture- and oil-free meals was as follows: ri- 
boflavin ranged from 2.6 to 8.9 micrograms per gram, nicotinic acid ranged from 
42 to 178 micrograms per gram, and vitamin B;9 ranged from 0.20 to 0.52 micro- 
grams per gram. Thus the maxima ranged from about 2.5 to 4 times that of the min- 
ima. 


The herring meals, in general, had higher contents of both riboflavin and vita- 
min B;9. The tuna meals generally ranged higher in nicotinic acid. These results 
again indicate that fish meals are variable in their contents of nutritive factors and 
suggest that much work remains to be done before a standard product can be obtain- 
ed. In the meantime, much of the information needed by the users of fish meal must 
be determined on the individual batches of meal. The large variations obtained in 
the vitamin analyses indicate that the variations are due to complex factors and that 
no one phase in the production of fish meal will yield the complete solution to the 
manufacture of a standard product. 
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PARTIAL LIST OF REFERENCES ON THE UNIDENTIFIED GROWTH 
FACTORS IN FISHERY PRODUCTS 





ee 


[he purpose of this list is to aid in the search for unidentified factors in 
shery products. 

limit the list strictly to the subject indicatedin the title, however, would 

gely defeatits purpose, for the elucidation of the growth factors in these fish- 

jucts hasinvolved much work with the so-called animal protein factor, 

Bio and antibiotics. Furthermore, the rate of progress has been de- 

I ed it! no small part by the adequacy of the available assay methods. It 
was therefore felt that these other subjects should be included. 


‘epared almost exclusively from articles appearing inthe 
mercial Fisheries Abstracts. Inasmuch as this journal 


lst was I 
alled Comm 1 Fisherie 
nly 73 periodicals largely published in the United States, undoubtedly 
mportant references, especially those in the foreign literature, have 


J Tt 


tted. Itisfor this reason that the word "partial" appears in the title. 





ysress in the field of unknown growth factors has been so rapid that the 
gnificance of many of the articles is lost unless consideration is given to the 
imea ich the work was done. Therefore, in order that the historical per- 
pective be maintained, the references are listed chronologically. The list is 
livided in five sections as follows: (1) Animal Protein Factors, (2) Vitamin 
3) Antibiotics, (4) Methods of Assay, and (5) Unidentified Growth Factors. 
\’‘Timited supply of the list is available for research workers and students in 
the field of fishery technology and may be obtained by writing to the author 
(F. Bruce Sanford) at the Fishery Technological Laboratory, Branch of Com- 
mercial Fisheries, U.S. Fish and Wildlife Service, 2725 Montlake Blvd., 
Seattle 2, Wash. 
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OXIDATIVE DETERIORATION IN FISH 
AND FISHERY PRODUCTS 
Part | - Introduction 


By M. E. Stansby~ 


ABSTRACT 
HEMATIN COMPOUNDS ARE SHOWN TO PLAY A MAJOR ROLE IN PROMOTING OXI - 
DATION OF OIL IN FISH TISSUE, ANTIOXIDANT MIXTURES OF FAR GREATER EF- 
FE IVENESS THA \ PREVIOUSLY KNOWN HAVE BEEN DEVELOPED FOR RETARDING 


2XIDATION OF O1 i THE MEAT OF FISH. ANTIOXIDANT TREATMENT OF FISH 


BACKGROUND 





Oxidation of fish oils, when occurring spontaneously, causes great deteriora- 
tion in the quality of a variety of fishery products. The oxidation of the oils and of 
the associated pigments in fish meat 
causes rancidity and discoloration in 
fresh, canned, preserved, and espe- 
cially frozen fish. Oxidation of that 
part of the oil left in fish meal causes 
heating of the meal, and certain so-far 
unidentified reactions take place which 
apparently impair the nutritive value 
of the meal. Oxidation of rendered 
fish oils alter their properties andre- 
sult in off-odors. 


A collaborative program is under 
way between the U. S. Fish and Wild- 
life Service and the University of Cal- 
ifornia Department of Food Technol- 
ogy to investigate various aspects of 
the oxidation problem. The work, at 
present, covers four phases, which 
sel nx ‘Wier ‘Sdn tec tae ‘keer will be discussed briefly in this in- 
VERSITY OF CALIFORNIA, DAVIS. WHERE A PORTION OF troductory paper; each phase then 
HE PROGRAM ON OXIDATIVE DETERIOR ist will be described in greater detail in 
oT as te 2 succeeding papers. 





The program is being carried out both at the Davis and at the Berkeley labora- 
tories of the Food Technology Department of the University of California. At Davis, 
the program, which is under the immediate supervision of Professor A. L. Tappel, 
is being carried out in the new Food Technology building, which possesses excellent 
facilities for application of research on the chemistry of foods to practical problems 
of the food industry. The Fish and Wildlife Service has one full-time and one part- 
time chemist who are stationed at Davis in the laboratories of the Food Technology 
Department and who are working on this program. Since July 1, 1956, the Institute 
of Marine Resources of the University of California has had a laboratory in the Food 
Technology Department at Berkeley. The Fish and Wildlife Service has a full-time 
and a part-time chemist working on the program in this laboratory under Professor 
Harold Olcott. These programs come under the general supervision of the Seattle 
Fishery Technological Laboratory of the U. S. Fish and Wildlife Service. The pro- 
* CHIEF, PACIFIC COAST AND ALASKA TECHNOLOGICAL RESEARCH, FISHERY TECHNOLOGICAL LABORATORY, BRANCH 

OF COMMERCIAL FISHERIES, U. S, FISH AND WILDLIFE SERVICE, SEATTLE, WASH. 


NOTE THIS SERIES REPLACES THE ONE STARTED IN THE FEBRUARY 1956 ISSUE (P.10) OF COMMERCIAL FISH- 
ERIES REVIEW TITLED "OXIDATIVE DETERIORATION IN FISH AND FISHERY PRODUCTS--NO, 1." 
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gram has been concerned principally with four fields of study: (1) mechanism of 
oxidation of oil in fish tissue; (2) reaction of fish oil and protein while in fish tissue 
or in fish meal; (3) oxidation of extracted fish oil; and (4) oxidation of pigments in 
tuna. 


- GENERAL VIEW OF FISHERY TECHNOLOGICAL LABORATORY OF THE INSTITUTE OF MARINE RESOURCES , 


RSITY OF CALIFORNIA, BERKELEY, WHERE A PORTION OF THE PROGRAM ON OXIDATIVE DETERIORATION 
HERY PRODUCTS IS BEING CARRIED OUT, 


OXIDATION MECHANISM IN FISH TISSUE 


In the program on the mechanism of oxidation of oil in fish tissue, it has been 
shown that the hematin blood of pigments are probably of major importance as cat- 
lysts in accelerating the oxidation of oil in fish. The amounts of these pigments in 
number of species of fish have been measured. It has been shown that the oxida- 
ion of oil occurs much more rapidly in those localized areas in the fish tissue where 
hese hematin pigments are concentrated. Model systems have been set up, and the 
ffectiveness of numerous antioxidants, alone and in combination, toward retarding 
xidation has been investigated; certain combinations have been found that are many 
imes as effective as are the individual antioxidant components. The effectiveness 
f commercial antioxidants added to fish meals also has been studied. 


FISH OIL-PROTEIN REACTION 


The reaction between oil, oxygen, and protein in fish results in such phenomena 
as rusting in frozen fish and darkening of the color of fish meal. The mechanism of 
this reaction has been investigated, and it has been found that two types of reactions 
are involved: oil oxidation and the carbonylamine reaction. Evidence has been ob- 
tained to show that the former reaction predominates and that factors influencing 
oxidation are of primary importance in retarding this oil-protein reaction. 


OXIDATION OF EXTRACTED OILS 


_ The role of the naturally-occurring antioxidants, the tocopherols, in extracted 
oils is being investigated. These occur in small concentrations in all of the fishoils 
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studied. Added tocopherols are not particularly effective antioxidants, but the nat- 
urally occurring tocopherols may play an important role in determining stability. 
Certain commercial antioxidants can exert a considerable effect on the retardment 
of oxidation of extracted oils. The same antioxidants that exert the most powerful 
action in retarding oxidation of oil in fish tissue are not necessarily the best for use 
with extracted oils. Each substance or combination of substances must be assayed 
separately in the different systems. 


PIGMENT CHANGES IN TUNA 


It has been shown (1) that the normal change in the color of tuna--from the 
neutral shade in the raw fish to the desirable pink color after precooking and thence, 
under unfavorable circumstances, to an undesirable tan shade-- results from a se- 
ries of oxidation reactions of hematin blood and muscle pigments and (2) that the 
reaction of the pink to the tan pigment is, under suitable conditions, reversible. 
The formation of the pink color is favored by the presence both of reducing condi- 
tions and of nicotinamide. Strong evidence that the pink pigments are denatured 
globin hemochrome or nicotinamide hemochrome, or both, has been obtained. 





| WHALE MEAT AN IMPORTANT FOOD IN SOME COUNTRIES 





The people of Japan and the Faeroe Islands habitually eat whale meat 

| and so do some aboriginal peoples, including the Eskimos. InEngland, Nor- 
way, and Canada some whale meat has been produced, and in the United 
States ithas appeared onthe menus of seafood restaurants, as a novelty item. 


In the Faroe Islands, whichlie inthe North Atlantic between Iceland and 

Great Britain, whale meat is a very important item of food. Almost all of 

| the animal is eaten. Some of the meat is eaten fresh while some is dried | 

for future consumption. Pieces of black dried whale meat are a common 
sight hanging up outside the homes of the Faroese people. 


The method which the Faroese use in capturing the whales is also of 
| interest. When a school of whales are sighted at sea near the islands the 
person sighting the school arouses the inhabitants of the nearest communi- 
ty who encircle the school in boats and gradually drive the whales into the 
nearest fjord. The whales are slaughtered inthe shallow water atthe head 
of the fjord and the meat shared among allthe inhabitants ofthe area. The 
whale huntis a great social occasion inthe islands anditis always followed 
by dancing. The customs relating to the division of the meatare very rigid 
and have apparently been in existence for a considerable length of time. 


--"'Sea Secrets,'' The Marine Laboratory, 
University of Miami. 
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OXIDATIVE DETERIORATION IN FISH 
AND FISHERY PRODUCTS 


Part Il - Progress on Studies Concerning Mechanism 
of Oxidation of Oil in Fish Tissue 


By W. D. Brown,* A. W. Venolia,* A. L. Tappel, ** 
H. S. Olcott,** and M. E. Stansby*** 


ABSTRACT 


Studies showed that the mechanism of oxidation of fish oils in the meat of fish or infish 
meal differs from that of extracted oils owing to the activity of biocatalysts in the tissues. 
The fish meat content and activity of hematin, found to be the primary catalytic agent in such 
oxidation, was studied, Activities of the proteins of the meat were found to be of lesser im- 
portance, Studies were made on naturally-occurring and commercial antioxidants, A mix- 
ture of the natural antioxidants citric acid, ascorbic acid, and tocopherol was found to be 80 
times as effective, owing to synergism, than was citric acid or ascorbic acid alone. Method 
of addition of the antioxidant to the test system was found to be of importance in retarding 
oxidation. 





The portion of the program on which progress is reported in this paper deals 
with the mechanism of oil oxidation while the oil still is associated with the fish tis- 
sue or while it is present 
in fish meal. The mecha- 
nism of the oxidation is 
different under these con- 
ditions from that in ex- 
tracted oils because of the 
presence in the tissue of 
certain biocatalysts that 
affect the course of the 
oxidation. 


This phase is basic to 
applications whether in- 
volving changes in oil in 
situ in the meat of stored 
fish, in fish meals, or in 
the extracted oil itself be- 
cause, in all these cases, 
the oil starts out in the 
meat and some changes 
always take place initial- 
ly in the meat before any 

Fig, 1 - Colorimetric determination of tocopherol in king salmon oil, manufacturing steps have 

been started. According- 

ly, chief emphasis in the initial stages of this program has been toward elucidating 
the mechanism of oxidation of oil in fish meat. 


HEMATIN CATALYSIS 








HEMATIN-COMPOUND CONTENT OF FISH: In the first phase of the work a 
number of species of fish were analyzed for their content of hematin compounds, 
substances that have been shown to be powerful biocatalysts for oil oxidation in oth- 
er foods. Nine species of fish were examined, and the hematin compounds were 
found to vary in content from 5.4 x 10-5 M in pilchard down to 0.1 x 10-5 M incod. 

*Chemist, U, S, Fish and Wildlife Service, Davis, Calif, 
** University of California, Department of Food Technology, Davis and Berkeley, Calif, 
*** Chief, Pacific Coast and Alaska Technological Research, Fishery Technological Laboratory, Branch of Commercial 
Fisheries, U, S, Fish and Wildlife Service, Seattle, Wash, 
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CATALYTIC EFFECT OF HEMATIN COMPOUNDS: The effect of the hematin 
compounds of fish meat on the catalysis of oil oxidation next was determined. This 
work was carried out by 
measuring the oxygen 
uptake of a salt of an un- 
saturated fatty acid, am- 
monium linoleate, when 
shaken in a Warburg 
respirometer. With ihe 
reaction being carried 
out at 20° C. and at a pH 
of 9.0, aqueous extracts 
of fish were added to the 
ammonium linoleate sub- 
strate and their effecton 
the rate of oxidation was 
determined. The fact ~ 
that the catalysis was due 
primarily to hematin 
compounds and not to 
some other biocatalysts 
in the fish was confirmed 
by repeating the experi- 
ment in the presence of 
cyanide, in which case no 
catalytic effect was ob- 
served. Cyanide inhibits 
hematin catalysis of unsaturated fatty acids oxidation. 





ah 
. 
4 
: 





Fig, 2 - Measuring oxidation of tmma meals employing a Warburg apparatus for 
measurement of oxygen adsorption. 


In another series of experiments (1) cubes of fish meat and (2) extracted fish 
oil from different species were measured for rate of oxygen uptake in a Warburg 
apparatus. 


The results of all these experiments showed a direct correlation between the 
hematin-compound content of the various species of fish and the catalytic effect on 
the linoleate oxidation. The rate of oxidation of the fish meat also was correlated 
with the content of hematin compounds. 






































Table 1 - Oxidation Rate of Cubes of Light CATALYTIC EFFECT OF PRO- 
and Dark Meat of Fish in a Warburg TEINS: Some experiments were car- 
Apparatus at 0” C. ried out to determine the catalytic ef- 
Species _Rate of Oxidation fect of various proteins onthe oxida- 
: Light Meat | Dark Meat tion of fish oils. It was shown thatall 
Microliters of Oxygen Uptake | of the proteins studied had a measur- 
| Per Hour Per Gram | able effect, but that none of these pro- 
yhum salmon | 0 17 teins approached hemoglobin in cat- 
Pink salmon 0 13 | alyzing the oxidation reaction. 
Tuna 0 13 
Sheepshead | 0.4 1.5 HEMATIN-COMPOUND CHANGES 
[Lake chub 0.6 1/ | DURING OXIDATION: During oxida- 
Pilchard 7 1/ | tion of oil in fish tissue, the hematin 
Rockfish 1 1/ | compounds that catalyze the oxidation 
Cod | 0.5 1/ | are chemically altered, and their con- 
Mackerel } 8 1/ | centration diminishes. Cubes of tuna 








tempted, The cubes of meat used, however, were mostlylight | dark tissue, were allowed to oxidize in 
meat, 


1/ For these species, no separation of light and dark meat was at- | meat, cut from boththe light and the 


a Warburg apparatus at 0° C. The con- 
tent of hematin compound diminished from 2,1 x 10-5 M to 1.0 x 10-5 M inthe light 
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meatandfrom 67.2 x 10-5 M to 49.6 x 10- 5 M in thedark meat. Spectral absorption 
urves of aqueous eairacts of the samples before andafter oxidation showed a shift 



































Table 2 - Protective Factors for Antioxidants, With or Without 
abe Synergists, in a Linolenate Model System 

—s 73 BB) meta Factor 2/ in Presence or Absence of 
Antioxidant 1/ a9 Indicated Synergist 

; ey x Citrate + 10X 

INone Citrate | Ascorbate! Ascorbate Ascorbate| 

es yanks Te Gee 2.0 2.0 9.0 
2X BHA 8.6 
BHT 0) 63.1. 2207 oe ea Ee 
2X BHT. 15.9 
BHA + BHT 13.5 | 
NDGA 2.6 
2X NDGA 9.2 
DPPD 2.4 
2X DPPD. 5 4 
Santoquin 8.9 

iT e concentration of antioxidants and synergists was 10-* M in final solutions e except that it was 2 or 10 times this amount | 

Ww r 10x respectively, are indicated 

I tylated hydroxyanisole; BHT = butylated hydroxytoluene; 
NIX ordihydroguaiaretic acid; DPPD = N, N-diphenyl-p-phenylenediamine, 
tective factor Time for system to absorb 300 41,09 

r Time for contr rol to absorb 300 A 1,09 








xima from 542 and 578 millimicrons for the unaltered samples to 500 and 630 


microns for the oxidized ones. This shift indicates a transformation of oxy- 
slobin (ar oxymyoglobin) to methemog slobin (or metmyoglobin). 





RATE OF OXIDATION IN FISH MEAT: The rate of oxygen adsorption by cubes 
ifferent species of fish were measured in a Warburg apparatus at 09 C. The 
les were treated with aureomycin to retard bacter ‘ial decomposition. Meas- 


rements were ail on both the light and the dark meat. The results are shownin 








ROLE OF ANTIOXIDANTS 


NATURALLY-OCCURRING ANTIOXIDANTS: Certain antioxidants occur in food- 
fs and are harmless for use as added antioxidants to foods. These include such 
substances as ascorbic acid, citric acid, and alpha tocopherol. The latter substance 
rs in the vitamin E group present in fish oils. Initial work was concentratedon 
effect of these types of antioxidants. Oxygen-absorption tests were carriedout 
model systems in which in rays cases an emulsion of (1) one of the fatty acids 
ind in fish-oil glycerides wit h (2) hemoglobin and a buffer solution was employed. 
lhe use of this mode 21 system permitted reproducible results to be obtained over a 
period of time, whereas the use of a fish oil rather than of a pure fatty acid as a 
est material would have made it impossible to obtain repeat results because of the 
anges that occur in fish oils with storage and the impossibility of getting newlots 
f fish oils that are chemically identical to those used in earlier work. 











In one test, results using the model system were compared with those obtained 
-mploying menhaden oil, and it was found that parallel types of results were obtain- 
ed. The rate of oxidation was greater and the effect of a given antioxidant was less 
with menhaden oil, but the comparative effectiveness of different antioxidants was 
the same in the model system as in the menhaden-oil system. In general, it was 
found that citric acid and ascorbic acid synergize with tocopherol in inhibiting Oox- 


idation. A mixture of alpha tocopherol and citric acid and ascorbic acid, for exam- 
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ple, was about 80 times more effective in retarding oxidation than was citric acid 
and ascorbic acid alone. 


COMMERCIAL ANTIOXIDANTS: For certain applications to fishery products, 
it is possible to use some of the more potent antioxidants that are commercially a- 
vailable. A series of tests 





























were carried out employing Table 3 - Oxidation Rate of Fish Meals 

some of these commercial an- and Freeze-Dried Fish at 30° C. 

tioxidants in a model system. Sample Oxidation Rate 

Microliters 

This system consisted of Per Hour Per Gram 

10 milliliters of linoleic acid Menhaden meal l/....... 10 

(60 percent), 20 milliliters of ESS 2 | eee" 3 

phosphate buffer (pH 7.0), 0.25 |Freeze-dried: 

milliliters of Tween 40, and | Pilchard .........+.-.--. 300 

sufficient hemoglobin solution | Mackerel............ 300 

to effect a concentration of .. aes ty ee | 28 


| 




















5 x 10-9 M in the final mixture. | = oe } (light meat) 44 
‘ a : nk salmc ‘ 
To this was added the particular (dark meat) 370 
antioxidant system under test, (light meat)| 2 
¢ ™ pe Chum salmon | g 
and the oxygen adsorption was (dark meat) 34 
measured for at least 1 hour in ee ae ee 3 
a Warburg apparatus ata tem- | Halibut............. 2 
perature of 379 C. See ee ere ey ee } 0.8 
‘ : 1/ These commercial meals had been stored for several months andhence| 
The results obtained with already had gone through the rapid initial oxidation, 
the various substances tested 
are shown in table 2. It can be seen that the antioxidant Santoquin gave the greatest 


protection against oxidation. This particular antioxidant is not now approved by the 
Food and Drug Administration for general commercial use. 





OXIDATION OF OIL IN FISH MEALS 


RATE OF OXIDATION OF MEALS: In this work, both commercial fish meals 

and freeze-dried fish were used. The latter may be considered as fish meals dried 
—————————— a. UuNder ideal conditions. The commer | 
Table 4 - Oxidation Rate of Tuna Meal 1/| cial fish meals used in this work had 
Protected by Various Antioxidants been stored for a period of months be- 






































— ry fore the studies on rate of oxidation 
| Antioxidant pe pining ica | were started. They therefore already 
= name 2 zs — ee - had gone through the initial high rate 
a. | ae ere. | of oxidation, which was not the case 
‘ Per Hour Per Gram) with the freeze-dried samples. Table 
pantoquin elidel: 3.0 | 3 shows the oxidation rate for these 
— eR SER LS — | samples, the moisture content of which 
tebe ee: 67 had been adjusted to 5 percent. The 
Propyi gallate Cras 17-0 | rate of oxidation was measured in a 
| ab cep lade 220 Warburg apparatus at 300 C. 
None (control) .... 27.9 EFFECT OF COMMERCIAL AN- 
1/ Yellowfin-albacore mixture, TIOXIDANTS: The oxidation rates of 











fish meals to which had been added var- 
ious commercial antioxidants were measured. Antioxidants were added to meals 
that had been prepared commercially as described in the preceding paragraph. In 
all cases, the antioxidants reduced the rate of oxygen uptake (table 4). 
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The slowing of the oxidation rate by any one antioxidant was closely related to 
the method by which it was added to the meal. Use of a solvent increased the ef- 
fectiveness considerably (table 5). 





The antioxidant effec- r 
tiveness also was increased Table 5 - Effect of Using Solvent to ppcorynnate 
y increasing the thorough- Antioxidant in Tuna Meal 1 
ness of mixing. Thus inone mere 
ease where Santoquin was Antioxidant 
stirred in by hand (employ- 
ing a solvent), an oxidation 








Used for Incorporation of Antioxidant 
No Solvent Solvent 
Microliters Per Hour 














Salt Si Ot ot eee Maries Per Gram of Oxygen Uptake 
ate of 12. micro iter Sper lpppp ..... : 7.0 38 

hour per gram was obtained, BHA 7.4 5.8 

whereas when the antioxi- BHT tilda: te 8.0 6.7 
nt was added (in a solvent) Pee 27.5 27.5 











by grinding twice a value 


f 3.0 microliters per hour 
am was obtained. 








— : 
{2 Yellowfin-albacore mixture 


SUMMARY 


1. Hematin compounds have been shown to play a major role in catalysis of 
<idation of fish oils. The content of such compounds, measured in nine species of 
fish, varied from 5.4 x 10-° M to 0.1 x 10-° M. 


2. Various combinations of antioxidants were developed for application in re- 
tarding oxidation of oil in fish tissue. Some of these were far more effective than 
ere the usual antioxidants used alone or with a single synergist. A mixture of 
hherol, ascorbic acid and citric acid, for example, was about 80 times as effec- 
was ascorbic acid alone or mixtures of ascorbic acid and of citric acid. 
The effectiveness of the most widely-used commercial food and feed anti- 
its was compared. 


. The rate of oxygen adsorption in fish meals was measured, and certain com- 
ial antioxidants were found to be effective in retarding oxidation. The method 
f mixing the antioxidant with the meal was found to be of considerable importance 
determining the effectiveness of the antioxidant. 


<x Sng oO 





USE OF CHEMICALLY-TREATED ICE FOR FISH 


"Storage of Fish in Ice Containing Antibiotics or Chemical Storage Prod- 
ts, Annual Report, 1954,"' Institute of Chemical and Technical Investigations 
Fisheries Department, Bergen, 1955, pp. 11-12. 


[he experiments were doneon cod, one part of which was storedinice con- 
taining aureomycin, andthe other, used asa control sample, in pure ice. The 
temperature range was 0° to -2° do (32° and 28.4° F.). After 2 days, 97 per- 
centof bacteria were destroyed. Between -0.5 and +1° C. (31.19 and 30.2° F.), 
aureomycin is still more efficient: 99.2 percent of bacteria are destroyed. 


The use of foromycene, a chemical storage product, gave similar results. 
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OXIDATIVE DETERIORATION IN FISH 
AND FISHERY PRODUCTS 


Part Ill - Progress on Investigations Concerning 
Reactions Resulting in Brown Discoloration 
By A. W. Venolia,* A.L. Tappel,** and M. E. Stansby*** 


ABSTRA 


STUDIES ARE IN PROGRESS ON THE UNDESIRA 








FOUND IN FISH PRODUCTS, THAT ARE ASSOCIATE 
TtON OF THE MEAT ANI | OF THE FISH, NOF 
HREE DIFFERENT REA NS CA AUSE 
) ) OLLING THE E E N( DE 
2 THE MECH 1SMS ROLE 
ROWN l F l Ss 





BACKGROUND 


Development of a brown color during processing or storage of fishery products 
is quite common. Several species of fish with white meat, upon being canned, turn 
to various shades of yellow to brown. Dehydrated fish, which immediately after 
manufacture may be of a white hue, slowly darken and eventually become a deep 
brown during storage. Fish meals often slowly change from an initial light brown 
color to a deeper brown color. Frozen whole fish frequently exhibit, at their sur- 
face, a brown discoloration in the oil that has seeped through the skin; this discol- 
oration is known as rust. 


Some of these changes in fish are ascribed to the well-known Maillard reaction 
in which the amino acids combine with free aldehyde groups of sugars or carbohy- 
drate (Tarr 1950). Such reactions are common in vegetables that contain consider- 
able quantity of carbohydrate. Fish, however, contain at most, only a few tenths of 
a percent of such carbohydrate, 
and it seems somewhat strange 
that these substances, which oc 
cur in trace amounts, could 
cause such extensive reactions 
as to decolorize the product com- 
pletely. 


1 


Rusting of frozen fish gen- 
erally has been ascribed to an 
oxidation of oil, although Brock- 
lesby (1929) obtained evidence 
that nitrogenous compounds such 
as ammonia were somehow in- 
volved in the reaction. 





Fig, 1 - Measurement of color developed during browning reaction em- 
ploying a differential type color instrument, 


Work is currently under way to investigate the mechanism of pruduction of 
brown colors in fish (1) by a reaction between oxidized fish oils and proteins, (2) by 
oxidation or polymerization of fish oils, and (3) by a combination of these general 
types of reactions. The carbonyl groups in oxidized fish oil present the same op- 
portunity for reaction with amino acids as might occur with carbohydrate, and since 
oils occur to a much greater extent in fish than do carbohydrates, this possibility 
should not be overlooked. 

y * Chemist, U, S, Fish and Wildlife Service, } Davis, Calif, 
eng rood Technology Department, University of California, 

** Chief, Pacific Coast and Alaska Technological Research, Fishery Technological Laboratory, Branch of Commercial 
Fisheries, U.S, Fish and Wildlife Service, Seattle, Wash, 
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EXPERIMENTAL 


PROBABLE TYPES OF REACTIONS INVOLVED: In initial experiments, an at- 
tempt was made to determine, by use of model systems, whether the reaction result- 
ing in the development of the brown color was one of oxidation or one between fish 
oil and protein. In these initial experiments, it was shown that emulsions of men- 
haden oiland protein invariably reacted to form a deep brown color sothat the pres- 
ence of carbohydrate definitely was not necessary. The rate of browning of emulsions 

prepared from menhaden oil and egg albumen, buffered at pH 7, was determined at 
21, 1° 44.79, and 55.0° C. The color of emulsions storedin Petri dishes was meas- 
ured with a differential-type color instrument (fig. 1). From these data, the activa- 
tion energy for the reaction between egg albumen and menhaden oil was calculated to 
be 19 kilogram calories per mole. This value, which lies between the values of 16 
kilogram calories per mole for unsaturated fat oxidation and 30 kilogram calories 
per mole for carbonyl-amine browning would indicate that we are dealing with a 
combination of these two types of reactions. 








METHOD OF MEASURING THE DEGREE OF BROWNING: In subsequent exper- 





mental work, precise measurement of the effect of a number of factors upon the de- 
gree of browning was made with the differential color instrument. Emulsions of fish 

il and protein were allowed to react in Petri dishes, and the degree of browning was 

btained objectively by making reflectance measurements through the bottom of the 





dish, The results were expressed in terms of AE, the deviation of a sample, in 
Bureau of Standards units, from its original color. To make data comparable re- 
gardless of the initial color of any individual sample, we calculated the deviation ra- 


tio, R -QE/QEmax, where A Emax is the distance, in Bureau of Standards units, 
between the initial color of a sample and pure biack. 


Color changes of samples were compared to those of controls by subtracting 
from the deviation ratio, R, of the specific sample that of the control, R,. The val- 
ie (R- R,) is a measure of the change in the color behavior of an emulsion resulting 
from a known difference between it and the control, 


PROTEIN-OIL REACTION AND OIL-OXIDATION REACTION: Experiments were 








set up to investigate the effect of conditions that might favor or retard the protein- 
il reaction or the oil-oxidation reaction. Thus acetylation of the protein would re- 
tard or stop the protein-oil reaction, whereas incorporation of antioxidants would 
retard the oil-oxidation reaction. Comparing | plots of (R- R,) values against time, 
we found that both antioxidants (NDGA1/, BHT4 /, Santoquin) and prooxidants (cupric 
ion, hemoglobin, oxygen) diminished the rate of browning. Increased rate of brown- 
ing occurred only when the active carbonyl amine (Maillard) reaction was blocked by 
acetylation of the egg albumen to make the protein amine groups inaccessible or 
when active carbonyl groups were made unavailable by treatment with sulfite ion. 


TENTATIVE HYPOTHESIS: Although this work is still in progress, a tentative 
lypothesis has been drawn up to account for these observations. Three different re- 
actions--called (1), (2), and (3)--are postulated as competing to some extent for the 


available reactants: 
(1) Active carbonyl amine browning, yielding a more lightly-colored 
product than that from (2). 
(2) Unsaturated lipid oxypolymerization. 


(3) Rapid unsaturated lipid oxidation, also yielding a more lightly 
colored product than that from (2). 


Treatment of emulsions to block active carbonyl amine browning favors reac- 
tion (2) with resulting augmented development of color. On the other hand, antioxi- 
1/No N Nordihydroguaiaretic acid, 

9/ Butylated hydroxyanisole, 
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dants block (2) and (3), whereas prooxidants divert reactants from (1) and (2); and 
thus both types of treatment diminish the rate of color development. It is to be 

noted, however, that the decrease in the rate of browning is more pronounced when 
caused by the antioxidants BHT and Santoquin, than when caused by the pro- oxidants. 


SUMMARY 
1. The browning reaction, which results in formation of rust in frozen fish and 
darkening during canning of certain species of fish as well as development 


of brown colors in fish meal and other fishery products, is being studied. 


2. It has been shown that a number of different reactions are concerned in the 
development of these brown colors. 


3. These reactions include (1) those between oil and protein at the carbonyl and 
amino groups, (2) oxypolymerization, and (3) oxidation of unsaturated oils. 


4. Factors important in controlling these various reactions are being investi- 
gated. 


5. A hypothesis concerning the role of these different reactions in the develop- 
ment of brown discoloration products has been formulated. 
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FOOD PROTEIN INCREASED WITH FISH FLOUR oq 
Adding a small amount of defattedfishflour to millet and 
grain sorghum results in as much as sixfold increase in the 
body weight of rats fed on this kind of diet, Dr. Barnett Sure, 
University of Arkansas, Fayetteville, reported to the Ameri- 
can Institute of Nutrition Meeting in Chicago. 


The defattedfish flour is a mixture of carp, smelts, and 
whiting and increases the protein efficiency of the foods as 
well as the body weight, he reported. 


When 5-percent defatted fish flour was added to the pro- 
teins of grain sorghum, the animal's body weights increased 
by 644 percent and the protein efficiency ratio, which is the 
gainin weight per gram of protein intake, increased by 213.2 
percent. 


z --Science News Letter, May11, 1957 
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OXIDATIVE DETERIORATION IN FISH 
AND FISHERY PRODUCTS 


Part IV - Progress on Studies Concerning Oxidation of Extracted Oils 





By E. Einset,* H. S. Olcott,** and M. E. Stansby*** 
ABSTRACT 


Studies are being made to determine the mechanism of oxidative deterioration pre- 
vailing in extracted fish oils, Initial studies were made to determine the tocopherol (a nat- 
irally-occurring antioxidant) content in oils extracted from 10 different species of fish, 

The stability of the tested oils was greater in oils containing a higher tocopherol content 
and lower in oils containing higher iodine numbers. 





INTRODUCTION 


yus papers in this series, results obtained when oil, located in fish tis- 
»xidizes have been described. When oil is extracted from fish tis- 
— Se sue (either commercial- 
ly or under laboratory 
SBC conditions), however, the 
gy resulting oil may behave 
is ee bee ae , quite differently from the 
Pe way thatitdoes whileitis 
still in the tissue. The 
extracted oil is no longer 
in contact with such tis- 
sue constituents as pro- 
in and hematin com- 
pounds, which can play a 
rofound role in modify- 
ing the oxidation process. 
In addition, the heating of 
the oil during processing 
may destroy other anti- 
oxidants or pro-oxidants 
t might have altered the 
yxidation patternif the oil 
i had remained inthe tissue. 
72 A program therefore has 
been started to investi- 
gate the oxidation of ex- 
tracted fish oils, and 
some preliminary re- 
5 oT sults are describedin 
percent this report. 
f th rogram is being undertaken primarily to obtain a better un- 
he oxidation of commercially-produced fish oils. Some work, how- 
ided on noncommercial oils extracted in the laboratory from species of 
erally used for commercial fish-oil production. Information on the chem- 
eh yr of such extracted oils, when combined with that on the behavior of these 
still in the fish tissue, will give us a better insight into the role of thebio- 
ysts present in the tissues on the course of oxidation of all fish oils. 
Chemist, U, S, Fish and Wildlife Service, Berkeley, Calif, 
Institute of Marine Resources, University of California, Berkeley, Calif, 
lief, Pacific Coast and Alaska Technological Research, Fishery Technological Laboratory, Branch of Commercial 
and Wildlife Service, Seattle, Wash, 














Work undertaken so far on extracted oils has dealt with the following: (1) asur- 
vey of some fish oils in which their stability was compared with their iodine num- 


bers and their contents of natural- 
ly occurring tocopherols and (2) 
the further elucidation of details 
on the role of naturally-occur- 
ring tocopherols in retarding 
oxidation of fish. 


OXIDATION RATE OF 
EXTRACTED FISH OILS 


The rate of oxidation of com- 
mercially-prepared tuna, men- 
haden, sardine, pink salmon, and 
herring oils was compared ina 
Warburg apparatus at 379°C. 
After 1 hour, the tuna oil had 
adsorbed 94 microliters of oxy- 
gen per gram as compared to 67 
microliters for menhaden oiland 
46 and 27 for two different 
batches of sardine (pilchard) oil. 
Neither pink salmon nor herring 
oils absorbed any oxygen under 
these conditions. 


A number of fish samples were treated to extract the oil on a laboratory scale 
by (1) blending in a Waring Blendor with water and ethyl ether, (2) separating out the 
and (3) evaporating the ether phase under an atmosphere 
The resulting oil was stored under nitrogen in a refrigerator until need- 


ether phase in a centrifuge, 
of nitrogen. 


Fig, 2 - Operation of Warburg equipment for measurement of oxygen 
uptake by fish oils, 
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a rocel FR Table 1 - Properties of Extracted Oils 
Pe is cote Rate of Oxidation Total Tocopherol Content 
Oil Lea ote Oil Oil 
beisntit gers" _____{[ ____ Original | Oxidized Original | Oxidized __| 
| 41. Oxygen Per Hr. Per Gram Mg. Per Gram of Oil a 
Sheepshead...... | 279 | 194 27 3 
{Mountain trout... . 14 36 46 35 
Pink salmon ..... 7 40 101 0 
Lake chub... si 8, 4 39 297 58 
|Commercial tuna 1/ 113 | 188 112 43 | 











‘I7Species unknown, probably mixed skipjack and yellowfin, 





Table 2 - Comparison of Stability of Fish Oils 
with Iodine Number and Tocopherol Content 

















Oil Induction Period | Iodine | Tocopherol 

at 50° C. No. Content 
|Sardine Sidied 6 199 40 
Menhaden. . | 9 167 66 
(aero 36 185 159 
erring. ..<i/ 45 142 142 
Pink salmon | 48 164 217 
Whale .... 93 161 198 
Sablefish . . 126 99 628 














and (2) a decrease in tocopherol content. 


a 


ed. The oils were analyzed in 
the form as prepared and also 
after extended oxidation, which 
was carried out by storage of 10 
grams of oil in a 9-centimeter 
petri dish at 91° F. for 70hours. 
Oxidation rate in a Warburg ap- 
paratus at 37° C. and total to- 
copherol content were deter- 
mined, with the results givenin 
table 1. There was (1) a gener- 
al increase in oxidation rate af- 
ter prolonged oxidation (the 
sheepshead oil was an exception) 
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TOCOPHEROLS AND FISH-OIL STABILITY 


Preliminary experiments indicated an inverse correlation between the rate of 


autoxidation of various fish oils and their content of tocopherols (table 2). It was 
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nin erol content and roughly inversely proportional to the iodine number. 








[ s- Table 3 - Protection Afforded Pink Salmon Oil by Various Antioxidants 
@ Antioxidant Time Needed icr Oil to Gain 
[Kind Amount 1 Percent in Weight 
Percent Day 
er Meera) 6. ss RI Sy Se, Se Ger ~ 1.5 
2,2'-methylenebis (4-methyl-6-tertiary- - 1/ 
SS Se ee ee ree ee 0.5 — 95 
-ethoxy, 2-2-4-trmethyl-dihydroquinoline 0.1 8 
; . . 0.5 87 
it /This 1-gram s —e- had gained a total of 5,0 mg, in weight and was still fresh when the test was discontinued, 



































»bserve ed that treatments tending to destroy the tocopher ols also accelerated autox- 


idation, which is in accord with the theory that tocopherols play an important role in 
the relative stability of the fish oils. Successively larger additions of tocopherols 

to fish oils, however, increased the rates of the initial oxygen absorption. It has been 
reported previously that, at certain higher concentrations, tocopherols may become 
pro-oxidants. Wedonot know what this concentration is for the various fish oils, but 


easing concentrations of alpha-tocopherol, gamma-tocopherol, and mixtures of 


the two did not give proportionate decreases in the autoxidation of several of the 
fish-oil samples tested. This aspect is being studied further. 


To investigate the effect of alpha-tocopherol upon "'stable" fish oils, that is, 


those still in their induction periods, some method was desired that would obviate 


rtain difficulties associated with long-term Warburg experiments. The method 
ised consisted of recording the increase in weight, due to oxygen absorption, of a 


fish oil during a period of exposure to air in a forced-draft oven at 50%C. Inthese 
experiments, 1-gram samples of oil plus the appropriate level of antioxidant were 


weighed into small beakers, and the beakers were placed in the oven. Atintervals, 


the beakers with their contents were removed and then allowed to cool at room tem- 
perature for one-half hour before being weighed. Figure 1 illustrates what effect 


ifferent levels of alpha-tocopherol have upon the induction period of pink salmonoil. 


Increases in the tocopherol level of the oil exert a definite although minor effect upon 


e stability of the oil. 
COMMERCIAL ANTIOXIDANTS AND PINK SALMON-OIL STABILITY 


['wo synthetic antioxidants in relatively large amounts (5-ethoxy, 2-2-4-trimeth- 


yl-dihydroquinoline, and 2,2'-methylenebis (4-methyl-6-tertiary-butylphenol) gave 
excellent protection to pink salmon oil as measured by the weight-gain method (ta- 
ble 3). The former is not presently permitted by the U. S. Food and Drug Adminis- 


ration to be used in contact with foods. 
SUMMARY 


1. The tocopherol content of a group of fish oils varied from about 40 micrograms 
per gram of oil for sardine oil to 630 micrograms per gram of oil for sablefish oil. 


2. The induction period of the oils tested was roughly proportional to the tocoph- 
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PRESENT STATUS OF THE FISH MEAL QUALITY RESEARCH 
UNDERTAKEN TO MEET THE NEEDS OF THE INDUSTRY 


Until recently, all poultry nutritionists, although with some reservations, had 
accepted fish meals as an essential source of animal protein. There has now arisen 
the matter of effects of processing conditions on vitamin content and on nutritive 
value in general. Then too, there has been a marked improvement in the quality of 
the principal competitor to fish meal--soybeanmeal. An intensive and effective re- 
search and quality improvement campaign has made the latter product very accept- 
able in poultry rations. 


It behooves the fish meal industry to justify their position in the poultry nutri- 
tion field by establishing similar improvements in its products. These improve- 
ments should include a standardized product on which detailed information is avail- 
able. 


For about five years the Nutrition Council of the American Feed Manufacturers 
Association has urged studies designed to insure the following desirable character- 
istics in fish meal: 


1, Uniform color. 
2. Uniform particle size. 
3. Uniform quality (believed to be largely related to protein). 


The fish meal-and oil producers group, a very substantial part of our nation's 
fishing industry, have utilized a double-barreled technique in working toward these 
objectives. Individual processors have studied methods to improve their own prod- 
ucts. In addition, they worked to obtain adequate funds for study of the factors con- 
tributing to these admittedly desirable goals by the Federal Government's fisheries 
products research agency, the Technological Section of the U. S. Fish and Wildlife 
Service. Such funds were made available through the Saltonstall-Kennedy Act of 
1954. 


A broad program of research was planned by the Service administrative per- 
sonnel in concert with competent industry scientists, to elucidate: (1) Those char- 
acteristics of fish meal which are related to one or more of such supposedly qual- 
ity-affecting factors as condition of raw material, processing variables of time, e- 
quipment and temperature, and of meal storage conditions; (2) the establishment of 
the relation of these processing variables to the nutritive values of the resulting 
fish meals as measured by (a) practical poultry (broiler) feeding tests; (b) estima- 
tions of effect on "growth factor" and on the amount and rate of availability of the 
principal amino acids in the fish meal protein; and (c) any variability in residual 
content of the essential vitamins. 


The research so laid out has been under way for more than two years at several 
universities considered entirely capable in their respective fields of effort, as well 
as at the several Service technological laboratories. 


UNIFORM COLOR: The color of fish meal, as a result of these studies, has 
been judged to be: (1) a function of the material in the digestive tract of the fish at 
the time of meal preparation, (2) a function of the size and the size range distribu- 
tion of the fish meal particles delivered to the feed mixer, and (3) the degree of 
chemical alteration resulting from oxidation and reaction between oil and protein 
components of the meal which occurs during drying and especially during curing and 


subsequent storage. 
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UNIFORM PARTICLE SIZE: The studies referred to above indicated that par- 
ticle size and the uniformity thereof, as delivered to the feed mixer, can be adjusted 
within rather broad limits, by appropriate control of such related but variable fac- 
tors as condition of raw material, cooking and pressing times and temperature, con- 
ditions of drying and curing, and grinding including blending of scrap from the cur- 
ing pile. In this connection, it may be pertinent to mention that the bone particles, 
sometimes concentrated in the exterior and bottom portion of the curing pile, were 
found to have very nearly as high protein nutritive value as the non-bone body pro- 
tein portions. In fact, protein partition studies have shown markedly little variabil- 
ity in the amounts or types of desirable protein available regardless of the consid- 
erable variability in any and all of the several factors under study. 





UNIFORM QUALITY: This particular phase of the fish meal controversy has 
been attacked from several angles. It must, therefore, be considered first as to the 
progress in each, and second in terms of the over-allaspects. The elements of qual- 
ity studied were four: (1) the amounts of unknown growth factors delivered in the 
fish meals under study; (2) the effects of the processing or handling variables in- 
vestigated on the vitamin content of the fish meals; (3) the evaluation of small differ- 
ences in amount and rate of availability of the principal amino acids of these fish 
meals and consequent quality of the protein as a function of the growth response when 
measured under certain stress conditions; and (4) variability in rate of gain of weight 
and in feed efficiency as measured by a practical commercial ration on chickens in 
battery-lot tests of broilers from one day old to 10 weeks of age. 





The reports contained in this Supplement are to be considered Progress Re- 
ports on research now under way on the over-all question of fish meal quality. 
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MENHADEN INDUSTRY--PAST AND PRESENT 


Fishery Leaflet 412 (Menhaden Industry--Past and Present) describes the early history of 
the menhaden industry from its start in New England sometime prior to 1875, the role of the) 
Federal Government in the development of this industry, a description of the menhaden, the ear= 
ly history of the menhaden oil industry, and a comparison of the early and modern menhaden 
plants, economic comparison of past (about 1875) and present-day (1950) plant operations, geo-- 
graphic shifts inthe importance of menhaden fisheries, fishing methods, uses of menhaden--pagt 
and present, and the future of the menhaden industry. Since this Fishery Leaflet was published 
(June 1953), the menhaden have returned to New England waters and at the present time are of 
considerable economic importance to the port of Gloucester, Mass. 





The menhaden industry has expanded considerably during recent years--the catch reached 

a record high of 2.1 billion pounds in 1956, plants and vessels have been modernized, demand 

and prices for both menhaden oil and meal have been excellent, and due to a vigorous program 

of research on the improvement of present and the development of new uses, the future appearg 
bright for this industry. 

The modern plantis mechanized to the ultimate degree. Fish are unloadedfrom the hold by 

yors, or, in many by large suction pumps, onto conveyors which carry them through 

— a weighing device and directly to the 

cookers or to temporary holding bins: 

The fish are then forced through long 

steam cookers in a continuous stream by 

screw conveyors, and, while hot, go di- 

rectly to huge continuous screw presses, 


In some plants the press liquors are 
still run off to settling tanks, a proce= 
dure not unlike the earliest methods, 
However, in most modern plants the 

~ menhaden, alias poray. fatback, mossbunker, old wife, bony-fish, hardhesa, fines are first filtered out on vibrating 
white-fish, bug-fish, cheboz, alewife, and yellowtail shad--in short Brevoortia screens and the filtrate of liquor -and-oil 
tyra is similar in appearance to the herring, has a black spot just back mixture goes through two batteries of 
‘of the head on each side, ranges in ize m 5 to 8 inches, which make up most centrifuges. An almost dry, clear, yel- 
of the present catch, to a maximum low oilemerges from the second series 
B 
of centrifuges. The water phase, called stickwater, contains considerable amounts of dissolved 
protein and vitamins but was ordinarily discarded. However, itis now concentrated to 50-percent 
solids in many plants to yield ''condensed fish solubles."" Most plants now have equipment of all 
types individually driven byelectric motor rather than by steam power. This eliminates the maze 
of shafting and belts whichis necessaryfor power transmissionfrom a single central power unit, 


The press cake is fed directly into large rotary, directflame or steam driers where the wet 
materialis reduced to "'scrap'' with a moisture content of six to ten percent. Most of the driers 
are now fired with fuel oil rather than coal, a change which results in a cleaner, more readily 
controlled operation. Some plants have cyclone separators to remove fine material from the ex= 
haust gases 


The dried scrap is piled on the "scrap house"' floor to cool before being bagged. In many 
plants, cooling is hastened by shoving the scrap into a conveyor that carries it up to the ceiling 
and then sifts it down to the floor in afine shower. The ultimate in mechanical handling is reach= 
ed by plants using small truck-tractors equipped with 'dozer blades for moving meal piles ayy 
round the cooling floor 


In some plants the scrap is ground to meal, in others the unground scrap is shipped. ff 
either case, the materialis weighed into sacks automatically and the sacks are sewed by a spe= 
cial sack-sewing machine in modern plants. Another recent innovation in the menhaden industry 
is the use of pallettes and special fork-hoist trucks to load the sacked scrap or meal into trucks 
or freight cars. 














